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GENES WHOSE EXPRESSION IS INCREASED IN RESPONSE TO 
STIMULATION BY CORTICOTROPIN-RELEASING HORMONE 

5 CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a national stage application of Patent Application No. 
PCT/EP03/11793. filed October 23. 2003. which application claims priority from 
Patent Application No. PCT/EP02/12273. filed October 31. 2002. . each of which is 
10 h e r e by incorporated by ref e r e nce. 

TECHNICAL FIELD 

The present invention relates generally to therapy and diagnosis of 
depression. In particular this invention relates to the polypeptides as well as to the 
1 5 polynucleotides encoding these polypeptides, wherein said polypeptides are shown 
to play a central role in mediating the cellular response to corticotropin releasing 
hormone. These polypeptides and polynucleotides are useful in the diagnosis, 
treatment and/or prevention of depression. 

20 



BACKGROUND OF THE INVENTION 

Recent socioeconomic analyses found that depression is a leading cause of disability 
and a major risk factor for development of other diseases. Moreover, on a world-wide 

25 scale depression is underdiagnosed and undertreated. Current antidepressant drugs have 
proven to be effective, but are burdened with slow onset of action and side effects. 
Above this, it is still unclear by which pharmacological mode of action they exert their 
clinical effects. Hypothesis-driven research based upon the corticosteroid receptor 
hypothesis of depression has led to a novel concept focusing on brain neuropeptide 

30 receptors, specifically the corticotropin-releasing hormone (CRH) receptor as drug 
target. 

Corticotropin releasing hormone (CRH), a 41 -amino acid polypeptide plays a central 
role in the regulation of the hypothalamic-pituitary-adrenal axis, mediating the 
endocrine responses to various stressors. Hypothalamic neurons release CRH into the 
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hypophyseal portal system in response to stress, stimulating the secretion and 
biosynthesis of pituitary adrenocorticotropin (ACTH) leading to increased adrenal 
glucocorticoid production (1). Several clinical and preclinical studies point towards a 
causal role for alterations in the CRH system in the development of depression (2). The 
5 first studies with CRH in humans showed that the ACTH response to CRH is blunted in 
depressed patients, reflecting a CRH receptor desensitization secondary to continuously 
increased hypothalamic CRH secretion (3;4). In support of blunted ACTH response as 
consequence of increased CRH release is the finding of elevated CRH levels in 
cerebrospinal fluid of patients with depression. Other findings strengthening this notion 
10 of CRH hypersecretion in the depressed state are an increased number of CRH 

secreting neurons and a decreased number of CRH receptors in suicide victims who 
suffered from depression (5;6). 

For CRH two high affinity receptors have been described, CRH-R1 and CRH-R2, both 
of which exist in several splice variant forms. Activation of these receptors by CRH 

15 results in Gs-mediated stimulation of adenyl cyclase leading to increased levels of 
intracellular cAMP. This in itself will activate cAMP dependent protein kinase A 
(PKA) and ultimately result in increased cytosolic levels of cAMP and Ca 2+ . The 
increased levels of cAMP and Ca 2+ lead to the activation of several other additional 
kinases such as Ca 2+ /calmodulin-dependent kinase II (CAMKII) and p42/p44 mitogen 

20 activated kinases (MAPK). As a result the Ca 2+ /cAMP response element binding 

protein (CREB) is phosporylated and this in turn will regulate the transcription of genes 
containing cAMP response elements (CRE) in their promoter region. Examples of 
such genes shown to be involved in the modulation of CRH signaling include c-fos, 
macrophage migration-inhibitory factor gene Mif, orphan nuclear receptors Nurr77 and 

25 Nurrl. 

Notwithstanding the fact that the downstream pathways for CRH activated receptors 
were extensively studied in AtT-20 cells, a cellular model of corticotrophs and led to 
the identification of a number of genes involved in the signaling cascade, a major area 
is unexplored. It was thus an object of the present invention to explore the 

30 transcriptional response to CRH stimulation at a genome wide level in order to identify 
further genes involved in the corticotropin-releasing hormone receptor activated gene 
network. The polypeptides thus identified and the polynucleotides encoding said 
polypeptides provide new chances for drug development as drug targets through 
screening techniques, or are useful in the diagnosis, prevention and/or treatment of 

35 depression. 
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SUMMARY OF THE IN V ENT I ON S urn m an f of the Invention 

The present invention relates to the identification of a number of genes involved in 
the transcriptional response to CRH stimulation at a genome wide level. In 
5 particular to the identification of a number of hitherto unknown genes encoding a 
protein that modulates CRH signaling, having a sequence selected from the group 
consisting of SEP LP No. SEP ID NO: 45. SEP ID No. SEP ID NP:4 7. SEQ ID 
Ne^ SEP 1DNP: 49 and functional analogs thereof. 

In a further aspect the present invention relates to the recombinant use of the 
10 aforementioned nucleotide sequences, including vectors comprising these 
sequences, host cells containing a vector to encode for one of the aforementioned 
sequences as well as transgenic non-human animals comprising a polynucleotide or 
vector according to the invention. 

It is also an object of the present invention to provide a number of genes that were 

15 hitherto not associated with CRH signaling and accordingly useful in methods to 
identify compounds, which modulate CHR signaling response in a cell or in 
diagnostic methods to identify CRH induced depression in an individual. In one 
embodiment the method to identify a compound capable to alter the CRH signaling 
response in a cell comprises, contacting said cell with CRH in the presence and 

20 absence of said compound and determine the expression level of a polynucleotide 
comprising a nucleic acid sequence selected from the group consisting of SEQ ID 
Ner -SEP [DNOi l, SEP ID No. SEP ID NO: 3» SEP ID No. SEP IDNO: 5. SEQ ID 
Ner -SEP ID NO: 7. SEP ID No. SEP ID NO: 9. SEP ID NP. SEP ID NO: 1 1, SEQ 
ID-NQ -SEO ID NO: 13. SEP ID No. SEP ID NO: 15. SEP ID No SEP ID NO: 17. 

25 SEP ID No SEP ID NO: 19. SEP ID No. SEP ID NP: 2L SEP ID No. SEP ID 
NO:23. SEP ID No. SEP ID NO: 25. SEP ID No. SEP ID NO: 27. SEQ ID No. 
SEP ID NO: 29. SEPIDNP. SEP ID NO: 31. SEP ID No. SEOIDNO: 33. SEQ ID 
Ner- SEO ID NO: 35. SEP ID No. SEP ID NO: 37. SEP ID No. SEP ID NO: 39. 
SEP ID No. SEP IDNO: 41. SEP ID No. SEP ID NO: 43. SEP ID No. SEP ID 

30 NO:45. SEQ ID No. SEP ID NO: 47 or SEP LP No. SEP ID NP:4 9. In this 
screening method the expression levels are typically assessed using an 
oligonucleotide probe that binds to the aforementioned polynucleotides, preferably 
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using array technology methods. Accordingly in a particular embodiment the 
present invention provides a method to identify compounds that modulate the CRH 
signaling response in a cell said method comprising, contacting said cell with CRH 
in the presence and absence of said compound; and determine the expression level 
5 of the polynucleotides having the nucleic acid sequences SEP ID No. SEP ID 
NO: l. SEQ ID No. SEP ID NO: 3. SEP ID No. SEP ID NP: 5. SEP ID No. SEP ID 
NP: 7. SEP ID No. SEP ID NP: 9. SEP ID NP. SEP ID NP: 11. SEP ID NO SEP 
ID NP: 13. SEP ID No. SEP ID NP: 15. SEP ID No SEP TDNP: 17. SEp ID No 
SEP ID NP: 19. SEP ID No. SEP1DNP: 21. SEP ID No. SEP IDNP: 23. SEQ ID 

10 N^- SEP ID NP: 25. SEP ID No. SEP ID NP: 27. SEP ID No. SEP ID NP: 29. 
SEP IP NO. SEP 1DN0: 31. SEP ID No. SEP ID NP: 33. SEP ID No. SEP ID 
NP:35. SEP ID No. SEP ID NP: 37. SEP ID No. SEP ID NP: 39. SEQ ID No. 
SEOIDNO: 41. SEP ID No. SEP ID NP: 43. SEP ID No. SEP ID NP: 45. SEQ ID 
Ner- SEP ID NP: 47 and SEP ID No. SEP ID NP: 49. wherein a change in 

1 5 expression profile of these sequences is indicative for a compound capable to alter 
the CRH signaling response in said cell. 

BRIEF DESCRIPTION PF THE TABLES 
20 Table 1 : List of proteins which modulate CRH signaling. 

BRIEF DESCRIPTION CF THE DRAWINGS 

Toble 1 : List of proteins which modulate CRH signaling. 

25 

Figure 1 : c-fos mRNA levels as assessed by quantitative RT-PCR normalized against 
B-actin mRNA levels (taken as 100%) in AtT-20 cells treated with DMSP, CRH, 
CRH+R121919 or R121919 for different time points (hours). 

30 Figure 2: Correspondence analysis applied on normalized microarray data for all time 
points and treatments. Squares depict different samples whereas circles depict genes. 
Distances between squares are a measure for similarity between samples. A positive 
association of a gene with a given sample (i.e. an upregulation of that gene in that 
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particular sample) results in the positioning of the gene and sample on a common line 
through the centroid (depicted by a cross). Correspondence analysis clearly identifies 
time as the major discriminator between the samples. In addition the effect of treatment 
with CRH can be identified as most prominent in the early time points. 

5 

Figure 3: A heat map depicting genes that are changed upon CRH treatment. Values 
were calculated by dividing the intensity of each sample by the intensity of the DMSO 
sample at the corresponding time point. These calculated ratio are converted into a 
color ramp using on a log2 scale. In this way the different timing of induction of 
10 expression becomes apparent. Genes showing a 2-fold change after 30 minutes of 

treatment with CRH were called "early responders", "intermediate responders" show a 
change after 1 to 2 hours of treatment and "late responders" show a response after 2 
hours or more. 

1 5 Figures 4 A-4D : Overview of a selection of genes induced by CRH grouped by pathway 
or function as discussed in the text. Values were calculated by dividing the intensity of 
each sample by the intensity of the DMSO sample at the corresponding time point. 
These calculated ratio are converted into a color ramp using on a log2 scale and 
depicted in a heat map. Transcription factors are shown in Figure 4A. Kinases and c- 

20 AMP signaling are shown in Figure 4B. Secreted peptides and inositol signaling are 
shown in Figure 4C. Phosphotases and unknowns are shown in Figure 4D. 

Figure 5 A-5C : Induction of Rgs2 by CRH in AtT-20 cells. Induction is calculated in 
comparison to levels observed in AtT-20 cells before any treatment. On top array 
25 (Figure 5 A) data obtained for Rgs2 are shown. Below (Figure 5B\ levels of Rgs2 
mRNA are shown as measured by quantitative RT-PCR on the same samples as used 
for array experiments. At the bottom (Figure 5C\ and levels of Rzs2 mRNA are shown 
as measured by quantitative RT-PCR on the same samples as used for array 
experiments as measured on a repeated experiment. 

30 

DETAILED DESCRIPTION 
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As used herein, the term "compound" or "agent" means a biological or chemical 

compound such as a simple or complex organic molecule, a peptide, a protein or an 
oligonucleotide. A "test compound" as used herein, refers to a "compound" or 
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"agent" used in a method according to the invention to assess whether said 
compounds modulates CRH signalling activity. 
"CRH signaling" as used herein refers to the cellular changes in gene transcription 
after activation of the corticotropin releasing hormone receptor by CRH in said 
5 cell. It induces a CRH specific gene expression profile. Changes at the 

transcriptional level can be assessed either at the protein level or at the gene, 
RNA level. 

"CRH response activity" as used herein refers in general to the change of a 
detectable cellular parameter as a result of the exposure of said cell to CRH. 
10 Detectable cellular parameters include amongst others, changes in membrane 

potential, changes in enzyme activity of an enzyme that modulates CRH 
signalling a said cell, changes in expression levels of a protein according to the 
invention or changes in the amount of second messengers such as cGMP, 
cAMP, Ca 2+ or IP 3 . 

15 The term "analog" or "functional analog" refers to a modified form of protein 
according to the invention in which at least one amino acid substitution has 
been made such that said analog retains substantially the same biological 
activity as the unmodified protein in vivo and/or in vitro. 
The term "functional analog" is intended to include the "fragments," "variants," 

20 "degenerate variants," "analogs" and "homologues" or to "chemical 

derivatives" of the polypeptides according to the invention. Useful chemical 
derivatives of polypeptide are well known in the art and include, for example 
covalent modification of reactive organic site contained within the polypeptide 
with a secondary chemical moiety. Well known cross-linking reagents are 

25 useful to react to amino, carboxyl, or aldehyde residues to introduce, for 

example an affinity tag such as biotin, a fluorescent dye, or to conjugate the 
polypeptide to a solid phase surface (for example to create an affinity resin) 

Variant(s) of polynucleotides or polypeptides, as the term is used herein, are 
30 polynucleotides or polypeptides that differ from a reference polynucleotide or 

polypeptide, respectively. A variant of the polynucleotide may be a naturally 
occurring variant such as a naturally occurring allelic variant, or it may be a 
variant that is not known to occur naturally. (1) A polynucleotide that differs in 
nucleotide sequence from another, reference polynucleotide. Generally, 
35 differences are limited so that the nucleotide sequences of the reference and the 

variant are closely similar overall and, in many regions, identical. As noted 
below, changes in the nucleotide sequence of the variant may be silent. That is, 



-7- 



they may not alter the amino acids encoded by the polynucleotide. Where 
alterations are limited to silent changes of this type a variant will encode a 
polypeptide with the same amino acid sequence as the reference. Also as noted 
below, changes in the nucleotide sequence of the variant may alter the amino 
5 acid sequence of a polypeptide encoded by the reference polynucleotide. Such 

nucleotide changes may result in amino acid substitutions, additions, deletions, 
fusions and truncations in the polypeptide encoded by the reference sequence, 
as discussed above. (2) A polypeptide that differs in amino acid sequence from 
another, reference polypeptide. Generally, differences are limited so that the 

10 sequences of the reference and the variant are closely similar overall and, in 

many regions, identical. A variant and reference polypeptide may differ in 
amino acid sequence by one or more substitutions, additions, deletions, fusions 
and truncations, which may be present in any combination. 
The terms "complementary" or "complementarity" as used herein refer to the 

15 capacity of purine and pyrimidine nucleotides to associate through hydrogen 

bonding to form double-stranded nucleic acid molecules. The following base 
pairs are related by complementarity: guanine and cytosine; adenine and 
thymine; and adenine and uracil. As used herein "complementary" means that 
the aforementioned relationship applies to substantially all base pairs 

20 comprising two single-stranded nucleic acid molecules over the entire length of 

said molecules. "Partially complementary" refers to the aforementioned 
relationship in which one of the two single-stranded nucleic acid molecules is 
shorter in length than the other such that a portion of one of the molecules 
remains single-stranded. 

25 The term "conservative substitution" or "conservative amino acid substitution" 
refers to a replacement of one or more amino acid residue(s) in a parent protein 
without affecting the biological activity of the parent molecule based on the art 
recognized substitutability of certain amino acids (See e.g. M. Dayhoff, In 
Atlas of Protein Sequence and Structure. Vol. 5, Supp. 3, pgs 345-352, 1978). 

30 "Fragment thereof refers to a fragment, piece, or sub-region of a nucleic acid or 
protein molecule whose sequence is disclosed herein, such that said fragment 
comprises 5 or more amino acids, or 10 or more nucleotides that are contiguous 
in the parent protein or nucleic acid molecule. 
"Functional fragment" as used herein, refers to an isolated sub-region, or fragment 

35 of a protein disclosed herein, or sequence of amino acids that, for example, 

comprises a functionally distinct region such as an active site for a receptor. 
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Functional fragments may be produced by cloning technology, or as the natural 
products of alternative splicing mechanims. 

The term "homolog" or "homologous" describes the relationship between different 
nucleic acid molecules or amino acid sequences in which said sequences or 
5 molecules are related by partial identity or similarity at one or more blocks or 

regions within said molecules or sequences. "Isolated nucleic acid compound" 
refers to any RNA or DNA sequence, however construed or synthesized, which 
is locationally distinct from its natural location. 

A "nucleic acid probe" or "probe" as used herein is a labeled nucleic acid 
10 compound which hybridizes with another nucleic acid compound. "Nucleic 

acid probe" means a single stranded nucleic acid sequence that will hybridize 
with a single stranded target nucleic acid sequence. A nucleic acid probe may 
be an oligonucleotide or a nucleotide polymer. A "probe" will usually contain a 
detectable moiety which may be attached to the end(s) of the probe or be 
15 internal to the sequence of the probe. 

The term "primer" is a nucleic acid fragment which functions as an initiating 
substrate for enzymatic or synthetic elongation of, for example, a nucleic acid 
molecule. 

The term "hybridization" as used herein refers to a process in which a single- 
20 stranded nucleic acid molecule joints with a complementary strand through 

nucleotide base pairing. 

The term "stringency" refers to hybridization conditions. High stringency 
conditions disfavor non-homologous base pairing. Low stringency conditions have 
the opposite effect. Stringency may be altered, for example, by temperature and 
25 salt concentration. "Stringent conditions" refers to an overnight incubation at 42°C 
in a solution comprising 50% formamide, 5x SSC (750 mM NaCl, 75 mM sodium 
citrate), 50 mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran 
sulfate, and 20 |ig/ml denatured, sheared salmon sperm DNA, followed by washing 
the filters in 0.1 x SSC at about 65°C. Further suitable hybridization conditions are 
30 described in the examples. 

"Lower stringency conditions" include an overnight incubation at 37°C in a 
solution comprising 6X SSPE (20X SSPE = 3M NaCl; 0.2M NaH 2 P04; 0.02M 
EDTA, pH 7.4), 0.5% SDS, 30% formamide, 100 ^ig/ml salmon sperm 
blocking DNA; followed by washes at 50°C with 1 X SSPE, 0.1% SDS. In 
35 addition, to achieve even lower stringency, washes performed following 

stringent hybridization can be done at higher salt concentrations (e.g. 5X SSC). 
Note that variations in the above conditions may be accomplished through the 
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inclusion and/or substitution of alternate blocking reagents used to suppress 
background in hybridization experiments. Typical blocking reagents include 
Denhardt f s reagent, BLOTTO, heparin, denatured salmon sperm DNA, and 
commercially available proprietary formulations. The inclusion of specific 
5 blocking reagents may require modification of the hybridization conditions 

described above, due to problems with compatibility. 

The term "fusion protein" as used herein refers to protein constructs that are 
the result of combining multiple protein domains or linker regions for the purpose 
of gaining the combined functions of the domains or linker regions. This is may be 
10 accomplished by molecular cloning of the nucleotide sequences encoding such 
domains to produce a new polynucleotide sequence that encodes the desired fusion 
protein. Alternatively, creation of a fusion protein may be accomplished by 
chemically joining two proteins. 

The term "linker region" or "linker domain" or similar such descriptive 
1 5 terms as used herein refers to polynucleotide or polypeptide sequence that are used 
in the construction of a cloning vector or fusion protein. Functions of a linker 
region can include introduction of cloning sites into the nucleotide sequence, 
introduction of a flexible component or space-creating region between two protein 
domains, or creation of an affinity tag for specific molecule interaction. A linker 
20 region may be introduced into a fusion protein resulting from choices made during 
polypeptide or nucleotide sequence construction. 



Screening methods 

25 The present invention relates to screening methods to identify compounds that 

modulate corticotropin-releasing hormone (CRH) induced depression and stress. It is 
based on the identification of a number of genes as downstream modulators of the CRH 
activated CRH receptors. In particular this invention provides a method for identifying 
a compound capable to alter the CRH signalling response in a cell, said method 

30 comprising; 

a) contacting said cell with CRH in the presence and absence of said compound; 

b) determine the change at transcriptional level of at least one protein that 
modulates corticotropin releasing hormone (CRH) signaling in said cell; and 

c) compare the transcriptional level of said protein in the presence and absence of 
35 said compound; 
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whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEQ ID NO. SEO ID 
NO: 2, SEQ4D- SE0 ID NO: 4. SEP ID NO. SEO ID NO: 6. SEQ ID NO. SEO ID 
NO. 8, SEQ ID NO. SEO ID NO: 10. SEP ID NO. SEO ID NO: 12. SEQ ID 
5 NQ rSEO ID NO: 14. SEP ID NO. SEO ID NO: 16. SEQ ID NO. SEO ID NO: 18. 

SEQ ID NO. SEO 1DNO: 20. SEP ID NO. SEO 1DNQ: 22. SEQ ID NO. SEO ID 
NO:24. SEP ID NO. SEO ID NP: 26. SEQ ID NO. SEO ID NO: 28. SEQ ID 
NQt SEQ ID NO: 30. SEP ID NO. SEO ID NO: 32. SEQ ID NO. SEO ID NO: 34. 
SEQ ID NO. SEO ID NO: 36. SEP ID NO. SEO IDNO: 38. SEQ ID NO. SEO ID 
10 NO:40. SEP ID NO. SEO ID NO: 42. SEP ID NO. SEO ID NP: 44. SEQ ID 

NQ rSEO IDNO: 46 and SEP IDNP. SEP IDNO: 48. 

To determine the change of transcription at the protein level one could 
determine the amount of said protein using art known techniques. For example 

15 using separation techniques such as isoelectric focusing or SDS-page in 
combination with protein staining techniques such as coomassie or silver staining. 
Alternatively, for proteins that are enzymes, the amount in a given solution or tissue 
extract can be measured or assayed in terms of the catalytic effect the enzyme 
produces, that is the conversion of its substrate into reaction product. For example, 

20 for kinases one may assess the kinase activity using a substrate comprising the 
kinase specific phosphorylation site and by measuring the phosphorylation of the 
substrate by incorporation of radioactive phosphate into the substrate. This assay 
may be perfomed both in the presence and absence of the compound to be tested. 
For proteins that are not enzymes, other quantification methods are required. For 

25 example transport proteins can be assayed by their binding to the molecule they 
transport and hormones and toxins by the biological effect they produce. 

To assess changes in transcription at the gene level, RNA or cDNA may be 
used directly for detection or may be amplified enzymatically by using PCR or other 
amplification techniques prior to analysis. Preferably said analysis method comprises 

30 the use of a labelled oligonucleotide probe targeted to a suitable region of the gene. 

Accordingly, in a preferred embodiment the level of gene transcription is 
assessed using a probe which binds to a polynucleotide encoding an amino acid 
sequence selected from the group consisting of SEP ID NO. SEO ID NO: 2. S EQ ID 
SEQ ID NO: 4. SEQ ID NO. SEO ID NO: 6. SEP ID NO. SEO IDNO: 8. SEQ ID 

35 NQ rSEO ID NO: 10. SEP ID NO. SEO ID NO: 12. SEP ID NO. SEO IDNO: 14. SEQ ID 
NQr SEO ID NO: 16. SEP ID NO. SEO ID NO: 18. SEQ ID NO. SEO ID NO: 20. SEQ ID 
NQ rSEO ID NO: 22. SEP ID NO. SEO ID NO: 24. SEQ ID NO. SEO ID NO: 26. SEQ ID 
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NO rSEO ID NO: 28. SEP ID NP. SEP ID NO: 30. SEQ ID NO. SEO ID NO: 32. SEQ ID 
NQr SEO ID NO: 34. SEP ID NO. SEO ID NO: 36. SEQ ID NO. SEO ID NO: 38. SEQ ID 
NQ tSEO ID NO: 40. SEP ID NO. SEO ID NO: 42. SEQ ID NO. SEO IDNO: 44. SEQ ID 
NQ rSEO ID NO: 46 and SEP ID NO. SEO ID NO: 48. 
5 In another embodiment, an array of oligonucleotides probes comprising a 

nucleotide sequence encoding a protein that modulates CRH signalling or fragments 
thereof can be constructed to conduct efficient screening of gene expression. Array 
technology methods are well known and have general applicability and can be used to 
address a variety of questions in molecular genetics including gene expression, genetic 

10 linkage, and genetic variability (see for example: M.Chee et al., Science, Vol 274, pp 
610-613 (1996)). It is thus an object of the present invention to provide a method for 
identifying a compound capable to alter the CRH signalling response in a cell, said 
method comprising; contacting said cell with CRH in the presence and absence of the 
compound to be tested; and determine the level of gene transcription using an array of 

1 5 oligonucleotide probes that bind to the polynucleotides encoding the group of 

polypeptides having the amino acid sequences SEP ID NP. SEP ID NO: 2. SEQ ID 
4SEP ID NO:4. SEP ID NO. SEO ID NO: 6. SEP ID NO. SEO ID NO: 8. SEQ ID 
NQ rSEO ID NO: 10. SEQ ID NO. SEO ID NO: 12. SEP ID NO. SEO ID NO: 14. SEQ ID 
NQ rSEO ID NO: 16. SEP ID NP. SEP ID NO: 18. SEP ID NP. SEP ID NP: 20. SEQ ID 

20 NQ rSEO IDNP: 22. SEP ID NP. SEP ID NP: 24. SEP ID NP. SEP ID NP: 26. SEQ ID 
NQr SEO ID NP: 28. SEP ID NP. SEP IDNP: 30. SEP ID NP. SEP ID NP: 32. SEQ ID 
NQr SEO ID NP: 34. SEP ID NP. SEP ID NO: 36. SEP ID NP. SEP ID NP: 38. SEQ ID 
NQ rSEO ID NO : 40. SEP ID NP. SEP ID NP: 42. SEP ID NO. SEO ID NO: 44. SEQ ID 
NQ rSEO ID NP: 46 and SEP ID NP. SEP ID NP: 48. 

25 

In an alternative embodiment, the method for identifying a compound capable to 
alter the CRH signalling response in a cell, comprises; 

a) contacting said cell with CRH in the presence and absence of said compound; 
and 

30 b) determine the expression level of a polynucleotide comprising a nucleic acid 

sequence selected from the group consisting of SEP ID NP: SEP ID NP: 1 , SEQ ID NP 
SEPIDNP: 3. SEP ID NO. SEO ID NO: 5. SEP ID NO. SEO ID NO: 7. SEQ ID 
NQr SEO ID NO: 9. SEP ID NO. SEO ID NO: 11. SEQ ID NO. SEO ID NO: 13. SEQ ID 
NQ rSEO ID NO: 15. SEP ID NO. SEO ID NO: 17. SEP ID NO. SEO ID NO: 19. SEQ ID 

35 NQ rSEO IDNO: 2 1 , SEP ID NP. SEP ID N0: 23. SEP ID NP. SEP ID NP: 25. SEQ ID 
NQr SEO IDNP: 27. SEP ID NP. SEP ID NP: 29. SEP ID NP. SEP IDNP: 3 1 , SEQ 
tP-NQr SEO ID NP: 33. SEP ID NP. SEP ID NP: 35. SEP ID NO. SEP ID NP: 37. 
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SEO ID NP. SEP IDNP: 39. SEP ID NP. SEP ID NP: 41. SEP ID NP. SEP ID NP: 43. 
SEPIDNP. SEPIDNP: 45. SEP ID NP. SEP ID NP: 47 or SEQ ID NP:49. 
To assess changes in expression levels, RNA or cDNA may be used directly for 
detection or may be amplified enzymatically by using PCR or other amplification 
5 techniques prior to analysis. Preferably said analysis method comprises the use of a 
labelled oligonucleotide probe targeted to a suitable region of the polynucleotide. 
Accordingly, in a preferred embodiment the level of gene transcription is assessed 
using a probe which binds to a polynucleotide comprising a nucleic acid sequence 
selected from the group consisting of of SEP IDNP: SEP IDNO: l. SEP ID MP SEP 

1 0 IDNP: 3. SEP ID NP. SEP ID NP: 5. SEP ID NP. SEP IDNP: 7. SEP ID NP. SEP ID 
NP: 9, SEP ID NP. SEP ID NP: 11. SEP ID NP. SEP IDNP: 13. SEP ID NP. SEP ID 
NP:15. SEP ID NP. SEP 1DNP: 17. SEP ID NP. SEP ID NP: 19. SEP ID NP. SEP ID 
NP: 2 1 , SEP ID NP. SEP ID NP: 23. SEP ID NP. SEP ID NP: 25. SEP ID NP. SEP ID 
NP:27. SEP IDNP. SEPIDNP: 29. SEP ID NP. SEP ID NP: 3 1 , SEQ ID NP. SEQ 

1 5 1DNP: 33. SEP ID NP. SEP ID NP: 35. SEP IDNP. SEP1DNP: 37. SEQ ID 

NO rSEP ID NP: 39. SEP ID NP. SEP IDNP:4 1. SEP ID NP. SEP IDNP:4 3. SEQ ID 
NO tSEP ID NP: 45. SEP ID NP. SEP ID NP.4 7 or SEQ ID NP:49. 

In another embodiment, an array of oligonucleotides probes comprising a 
nucleotide sequence encoding a protein that modulates CRH signalling or fragments 

20 thereof can be constructed to conduct efficient screening of gene expression. In this 
embodiment the invention provides a method for identifying a compound capable to 
alter the CRH signaling response in a cell, said method comprising, contacting said cell 
with CRH in the presence and absence of said compound; and determine the expression 
level of the poynucleotides having the nucleic acid sequences SEP ID NP: SEP ID 

25 NP: 1 , SEP ID NP SEP ID NP: 3. SEP ID NP. SEP ID NP: 5. SEP ID NP. SEP ID 
NP: 7. SEP ID NP. SEP ID NP: 9. SEP ID NP. SEP 1DNP: 1 1, SEP ID NP. SEP ID 
NP.13. SEP ID NP. SEP IDNP: IS. SEP ID NP. SEP IDNP: 17. SEP ID NP. SEP ID 
NP:19. SEP ID NP. SEP ID NP: 21. SEP ID NP. SEP ID NP: 23. SEP ID NP. SEP ID 
NP:25. SEP ID NP. SEP ID NP: 27. SEP ID NP. SEP ID NP: 29. SEQ ID NP. SEQ 

30 ID NP: 31. SEP ID NP. SEP ID NP: 33. SEP ID NP. SEP ID NP: 35. SEQ IDNP. 
SEP 1DNP: 37. SEP ID NP. SEP ID NP: 39. SEP ID NP. SEP ID NP:4 1. SEQ ID 
NO rSEP ID NP: 43. SEP ID NP. SEP ID NP:4 5. SEP ID NP. SEP ID NP:4 7 and 
SEQ ID NP:49. In particular, using an array of oligonucleotide probes that bind to the 
polynucleotides having the nucleic acid sequences SEP ID NP: SEP ID NP: 1. SEP ID 

35 NO- SEP ID NP: 3. SEP ID NP. SEP ID NP: 5. SEP ID NP. SEP ID NP: 7. SEQ ID 
NO rSEP ID NP: 9. SEP ID NP. SEP ID NP: 1 1, SEP ID NP. SEP IDNP: 13. SEQ ID 
NO tSEP IDNP: 15. SEP ID NP. SEP ID NP: 17. SEP ID NP. SEP ID NP: 19. SEQ ID 
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NO rSE0IDNQ: 21. SEP ID NP. SEP TP NO: 23. SEP ID NP. SEP ID NO: 25. SEQ ID 
NO rSEO IDNP: 27. SEP ID NO. SEP ID NO: 29, SEQIDNP. SEP IDNP: 31. SEQ 
tD^P rSEP ID NP: 33. SEP 1DNP. SEP IDNP: 35. SEP ID NP. SEP ID NP: 37. 
SEP ID NP. SEP [D NP: 39. SEP ID NP. SEP ID NO: 4U SEP ID NP. SEP ID NP: 43, 
5 SEP ID NP. SEP LP NP: 45. SEP ID NP. SEP ID NP: 47 and SEQ ID NP:49. 

In another embodiment, an array of oligonucleotides probes comprising a 
nucleotide sequence encoding a protein that modulates CRH signalling or fragments 
thereof can be constructed to conduct efficient screening of gene expression. Array 
10 technology methods are well known and have general applicability and can be used to 
address a variety of questions in molecular genetics including gene expression, genetic 
linkage, and genetic variability (see for example: M.Chee et al., Science, Vol 274, pp 
610-613(1996)). 

In case the genomic DNA is not used directly, mRNA may be isolated, and 

15 a first strand cDNA synthesis carried out. A second round of DNA synthesis can be 
carried out for the production of the second strand. Subsequently by the specific 
PCR amplification an isolated cDNA can be obtained. If desired the double- 
stranded cDNA can be cloned into any suitable vector, for example, a plasmid, 
thereby forming a cDNA libary. In analogy to the above, it is possible to screen 

20 cDNA libraries constructed in a bacteriophage or plasmid shuttle vector with a 
labeled oligonucleotide probe targeted to any suitable region of the gene encoding a 
protein that modulates CRH signalling. See e.g. PCR Protocols: A Guide to 
Method and Application, Ed. M. Innis et al, Academic Press (1990). . 

Methods for constructing cDNA libraries in a suitable vector such as a plasmid 

25 or phage for propagation in prokaryotic or eukaryotic cells are well known to those 
skilled in the art. [See e.g. Maniatis et al Supra], Suitable cloning vectors are well 
known and are widely available. 

In a further embodiment changes in gene transcription are determined at 
mRNA level. Decreased or increased expression can be measured at the RNA level 

30 using any of the methods well known in the art for the quantitation of 
polynucleotides, such as, for example; nucleic acid amplification, for instance via 
PCR, RT-PCR; RNase protection; Northern blotting and other hybridization 
methods. Assay techniques that can be used to determine levels of a protein, such as 
a polypeptide of the present invention, in a sample derived from a host are well- 

35 known to those of skill in the art. Such assay methods include radioimmunoassays, 
competitive-binding assays, Western Blot analysis and ELISA assays. Assay 
techniques that can be used to determine the presence of protein derivatives or 
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variants comprise amongst others mass spectrometry. 

It is thus an object of the present invention to provide a method for identifying a 
compound capable to alter the CRH signalling response in a cell, said method 
5 comprising; 

a) contacting said cell with CRH in the presence and absence of said compound; 

b) determine the amount of at least one protein that modulates corticotropin 
releasing hormone (CRH) signaling in said cell; and 

c) compare the amount of said protein in the presence and absence of said 
10 compound; 

whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEP ID NO. SEP ID 
NO:2 . SE04P-4 SEP ID NO:4. SEP ID NP. SEP ID NP: 6. SEP ID NP. SEP 
ID NP: 8. SEP ID NP. SEP ID NP: 10. SEP ID NP. SEP ID NP: 12. SEp ID 

15 NO tSEO ID NP: 14. SEP ID NP. SEP ID NP. 16. SEP ID NP. SEP ID NO: 18. 

SEP ID NP. SEP ID NP: 20. SEP ID NP. SEP ID NP: 22. SEP ID NP. SEP ID 
NP:24. SEP ID NP. SEP ID NP: 26. SEP ID NP. SEP ID NP: 28. SEp ID 
NQr SEP ID NP: 30. SEP ID NP. SEP ID NP: 32. SEP ID NP. SEP ID NP: 34. 
SEP ID NP. SEP ID NP: 36. SEP ID NP. SEP ID NP: 38. SEP ID NP. SEP ID 

20 NP:40. SEP ID NP. SEP ID NP:4 2. SEP ID NP. SEP ID NP: 44. SEp ID 

NO rSEP IDNP: 46 and SEP ID NP. SEP ID NP: 48. 

Preferably, the method to assay the amount of protein that modulates CRH signaling is 
using an antibody which binds to a polypeptide comprising an amino acid sequence 
selected from the group consisting of SEP ID NP. SEP ID NP: 2. SEP ID 1 SEP ID 

25 NP:4. SEP ID NP. SEP ID NO:6 . SEP ID NP. SEP ID NP: 8. SEp ID NP. SEQJD 
NO:10. SEP ID NP. SEP IDNP: 12. SEP ID NP. SEP ID NP: 14. SEP ID NP. SEP ID 
NO: 16. SEP ID NP. SEP ID NP: 18, SEP ID NP. SEP ID NP: 20. SEP ID NP. SEP ID 
NP:22. SEP ID NP. SEP ID NP: 24. SEP ID NP. SEP ID NP: 26. SEP ID NP. SEP ID 
NP:28. SEP ID NP. SEP ID NP: 30. SEP ID NP. SEP ID NP: 32. SEP ID NP. SEP ID 

30 NP:34. SEP ID NP. SEP ID NP: 36. SEP ID NP. SEP ID NP: 38. SEP ID NP. SEP ID 
NP:40. SEP ID NP. SEP ID NP:4 2. SEP ID NP. SEP ID NP:4 4. SEP ID NP. SEP ID 
NP:46 and SEP ID NP. SEP ID NP: 48. 

Thus in another embodiment, this invention provides a monospecific antibody 
immunologically reactive with a protein that modulates CRH signalling said protein 

35 being selected from the group consisting of SEP ID NP. SEP ID NP: 2. SEQ-4P ] 
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4 SE0 ID NP:4, SEP ID NP. SEP ID NP: 6, SEQ ID NP. SEP ID NP: 8. SEQ ID 
NOt SEO IDNP: 10. SEP ID NO. SEO ID NO: 12. SEQ ID NP. SEP ID NP: 14. SEQ 
tD-NQr SEO ID NO: 16. SEP ID NO. SEO ID NO: 18. SEP ID NO. SEO ID NO: 20. 
SEQ ID NO. SEO ID NO: 22, SEP ID NO. SEO ID NO: 24. SEP ID NO. SEO ID 
5 NP:26. SEP ID NP. SEP ID NP: 28. SEP ID NP. SEP ID NO: 3Q. SEQ ID NO. SEQ 
ID NO: 32. SEP ID NP. SEP ID NP: 34, SEP ID NP. SEP ID NP: 36. SEQ ID 
NO rSEP IDNO: 38. SEP ID NP. SEP ID NP: 40. SEP ID NP. SEP ID NP: 42. SEQ 
ID NP. SEP ID NO: 44. SEP ID NP. SEP ID NP: 46 and SEP ID NP. SEP ID 
NP: 48. Antibodies generated against polypeptides of the present invention may be 

10 obtained by administering the polypeptides or epitope-bearing fragments, analogs or 
cells expressing these to an animal, preferably a non-human animal, using routine 
protocols. For preparation of monoclonal antibodies, any technique which provides 
antibodies produced by continuous cell line cultures can be used. Examples include 
the hybridoma technique (Kohler, G. and Milstein, C, Nature (1975)256:495A91\ 

15 the trioma technique, the human B-cell hybridoma technique (Kozbor et al, 
Immunology Today (1983)4:72) and the EBV-hybridoma technique (Cole et al, 
MPNPCLPNAL ANTIBPDIES AND CANCER THERAPY, pp.77-96, Alan R. 
Liss, Inc., 1985). 

Techniques for the production of single chain antibodies, such as those 
20 described in U.S. Patent No.4,946,778, can also be adapted to produce single chain 
antibodies to polypeptides of this invention. Also, transgenic mice, or other 
organisms, including other mammals, may be used to express humanized antibodies. 

The above-described antibodies may be employed to isolate or to identify 
clones expressing the polypeptide or to purify the polypeptides by affinity 
25 chromatography. 

Antibodies against polypeptides of the present invention may also be 
employed to treat the CRH metabolism related disorders such as CRH induced stress 
or depression amongst others. 

To determine the amount of protein that modulates CRH signalling, the 
30 antibodies according to the invention are used in conventional immunological 

techniques. Suitable immunological techniques are well known to those skilled in the 
art and include for example, ELISA, Western Blot analysis, competitive or sandwich 
immunoassays and the like, as is otherwise well known they all depend on the 
formation of an antigen-antibody immune complex wherein for the purpose of the 
35 assay, the antibody can be detectable labeled with, e.g. radio, enzyme or fluorescent 
labels or it can be immobilized on insoluble carriers. 
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For example in an ELISA screening format the antibody is added to a solid 
phase (for example the bottom of a microplate) which is coated with either the protein 
or a peptide fragment thereof coupled to a carrier (such as BSA), and then, adding an 
anti-immunoglobin antibody (for example when the immunization is performed in 
5 mice, an anti-mouse immunoglobulin antibody is used, e.g. sheep-anti-mouse 

immunoglobulin (Ig)) conjugated with a detectable label such as an enzyme, preferably 
horseradish peroxidase, or a radioactive isotope such as 125 I. 

It is thus an object of the invention to provide immunoassays for the 
determination or detection of proteins that modulate CRH signalling in a sample, the 

10 method comprising contacting the sample with an antibody to the proteins according to 
the invention and determining whether an immune complex is formed between the 
antibody and said protein. These methods can either be performed on tissue samples 
or body fluid samples and generally comprise obtaining a sample from the body of a 
subject; contacting said sample with an imaging effective amount of a detectably 

1 5 labeled antibody according to the invention; and detecting the label to establish the 
presence of proteins that modulate CRH signalling in the sample. 

The measuring methods using the antibodies of the present invention are not 
particularly limited. Any measuring method may be used as long as the amount of 
antibodies, antigens or the antigens-antibody complexes corresponding to the amount 

20 of the antigens to be measured is detected by chemical or physical means, and 
calculated from standard curves prepared by the use of standard solutions containing 
the antigens in known amounts. For example, nephelometry, competitive methods, 
immunometric methods and sandwich methods are suitably used. With respect to 
sensitivity and specificity, it is particularly preferred to use sandwich methods 

25 described below. 

In measuring methods using labelling substances, radioisotopes, enzymes, 
fluorescent substances, luminous substances, etc. are used as labelling agents. 
Examples of the radioisotopes include 125 I, 131 I, 3 H and 14 C. Enzymes are usually 
made detectable by conjugation of an appropriate substrate that, in turn catalyzes a 

30 detectable reaction. Examples thereof include, for example, beta-galactosidase, 
beta-glucosidase, alkaline phosphatase, peroxidase and malate deydrogenase, 
preferably horseradish peroxidase. The luminous substances include, for example, 
luminol, luminol derivatives, luciferin, aequorin and luciferase. Further, the avidin- 
biotin systems can also be used for labelling the antibodies and immunogens of the 

35 present invention. 

Accordingly, in a further aspect, the present invention provides for a method 
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of identifying and obtaining compounds that alter the CRH signalling response 
activity in a cell, comprising: 

a) contacting a cell which expresses at least one protein comprising an amino acid 
sequence selected from the group consisting of SEQ ID NP. SEP ID NO: 2. SEQ 

5 ID- ^SEP ID NP:4. SEP ID NO. SEO ID NP: 6. SEQ ID NO. SEO ID NO: 8. 

SEP ID NO. SEO IDNP: 10. SEP ID NO. SEO ID NO: 12. SEP ID NO. SEO ID 
NO: 14, SEP ID NP. SEP ID NP: 16, SEQ ID NO. SEO ID NP: 18. SEQ ID 
NOr SEO ID NP: 20. SEP ID NO. SEO ID NP: 22. SEQ ID NO. SEO ID NP: 24, 
SEP ID NO. SEO ID NP: 26. SEP ID NP. SEP ID NO: 28. SEP ID NO. SEP ID 
10 NP:30. SEP ID NO. SEO ID NP: 32, SEQ ID NO. SEO ID NP: 34. SEQ ID 

NO rSEO ID NP: 36. SEP ID NO. SEO ID NP: 38. SEP ID NP. SEP ID NO: 40. 
SEP ID NO. SEO ID NO: 42. SEP ID NO. SEO ID NP: 44. SEP ID NO. SEO ID 
NO:46 and SEP ID NP. SEP ID NO: 48. with said test compound; and 

b) compare the CRH response activity of said cell in the presence and absence of 
1 5 said compound. 

Changes in membrane potential can be measured using conventional 
electrophysiological techniques and when they become available, using novel high 
throughput methods currently under development. Since the change in membrane 

20 potential are normally the result of ion fluxes, as an alternative approach, changes in 
membrane potential can be measured indirectly through the change in intracellular ion 
concentrations using ion-sensitive fluorescent dyes, including fluo-3, fluo-4, fluo-5N, 
fiira red, Sodium Green, SBFI and other similar probes from suppliers including 
Molecular Probes. Pther fluorescent dyes, from suppliers including Molecular Probes, 

25 such as DIBAC 4 (3) or Di-4-Anepps can detect membrane potential changes. For 
example calcium and sodium ion fluxes can thus be characterised in real time, using 
fluorometric and fluorescence imaging techniques, including fluorescence microscopy 
with or without laser confocal methods combined with image analysis algorithms. 

30 In a preferred embodiment this assay is based around an instrument called a 

FLuorescence Imaging Plate Reader ((FLIPR), Molecular Devices Corporation). In its 
most common configuration, it excites and measures fluorescence emitted by 
fluorescein-based dyes. It uses an argon-ion laser to produce high power excitation at 
488 nm of a fluorophore, a system of optics to rapidly scan the over the bottom of a 96- 

35 /384-well plate and a sensitive, cooled CCD camera to capture the emitted 

fluorescence. It also contains a 96-/384-well pipetting head allowing the instrument to 
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deliver solutions of test agents into the wells of a 96-/384-well plate. The FLIPR assay 
is designed to measure fluorescence signals from populations of cells before, during 
and after addition of compounds, in real time, from all 96-/384-wells simultaneously. 
It is thus an object of the present invention to provide a FLIPR assay used to 
5 screen for and characterise compounds functionally active in modulating CRH response 
in cells, said cells expressing a protein selected from the group consisting of SEQ ID 
26, SEP ID NP. SEP ID NP: 28. SEQ ID NO. SEO ID NO: 30. SEP ID NO. SEP ID 
NP:32 and SEP ID NP. SEP ID NP: 34. 

In an alternative embodiment, the activity of the cell may be assessed using 
10 electrophysiological methods. Therefore, proteins modulating CRH signalling in a 
cell can be characterised using whole cell and single channel electrophysiology. 

It is thus a further object of this invention to provide a screening method to 
identify compounds which modulate CRH signalling response activity in a cell, said 
method comprising; 

15 (a) contacting a host cell expressing a protein selected from the group consisting of 
SEP ID NP. SEP ID NP: 2. SEP ID 1 SEP ID NP:4, SEP ID NP. SEP ID NO: 6. 
SEP ID NP. SEP ID NP: 8. SEP ID NP. SEP ID NP: 10. SEP ID NP. SEP ID 
NP:12. SEP ID NP. SEP IDNP: 14. SEP ID NP. SEP ID NO: 16. SEP ID NP. SEP 
ID NP: 18, SEP ID NP. SEP ID NP: 20. SEP ID NP. SEP ID NP: 22. SEQ ID 

20 NQ rSEP IDNO: 24. SEP ID NP. SEP ID NP: 26. SEP ID NP. SEP ID NP: 28. SEQ 
ID-NO .SEP IDNO: 30. SEP ID NP. SEP ID NP: 32. SEP ID NP. SEP ID NP: 34. 
SEP ID NP. SEP ID NP: 36. SEP ID NP. SEP ID NP: 38. SEP ID NP. SEP ID 
NP:40, SEP ID NP. SEP ID NP: 42, SEP ID NP. SEP ID NP: 44, SEP ID NP. SEP 
ID NP: 46 and SEP ID NP. SEP ID NP: 48. with a compound to be tested; 

25 (b) measuring the effect of the test compound on the membrane potential of said cell 
using electrophysiological techniques; and 

(c) compare the CRH response activity of said cell in the presence and absence of 
said compound. Alternatively, the host cells in the aforementioned screening 
method express a protein selected from the group consisting of SEP ID No. SEP ID 

30 NP:26, SEPIDNo. SEP ID NP: 28. SEP ID No. SEP ID NP: 30. SEP ID No. SEP 
ID NP: 32 and SEP ID NP. SEP ID NP: 34. 

In a preferred embodiment the host cells are Xenopus oocytes and the 
electrophysiological measurement consists of measuring the membrane current 
using the voltage clamp technique at distinct membrane potentials. 

35 Changes in enzyme activity of an enzyme that modulates CRH signalling a said cell, 
can generally be measured or assayed in terms of the catalytic effect the enzyme 
produces, that is the conversion of its substrate into reaction product. For example, for 
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kinases one may assess the kinase activity using a substrate comprising the kinase 
specific phosphorylation site and by measuring the phosphorylation of the substrate. 
Similarly for phosphatases one may assess the phosphatase activity using a 
phosphorylated substrate and by measuring the dephosphorylation of the substrate. 
5 These assays may be performed both in the presence and absence of the compound to 
be tested. 

It is thus an object of the present invention to provide a method for identifying a 
compound capable to alter the CRH signalling response activity in a cell, said method 
comprising; 

10 a) contacting a mixture comprising a kinase selected from the group consisting 

of SEP I D NO. SEO ID NO: 10. SEP I D NO. SEP ID NO: 12. SEP ID NP. SEP ID 
NO:14, SEP lDNo SEP 1DNP: 16 and SEP ID NO. SEO ID NO: 18. with a source of 
phosphate and a suitable kinase substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 

1 5 measuring the level of phosphorylation of said substrate in the presence of said 

compound compared to the level of phosphorylation of said substrate in the absence of 
said test compound. 

In the assay of the invention, the kinase may be provided as a protein or it may be 
provided in the assay mixture as an mRNA encoding said kinase. When the assay 

20 comprises cell-free components, the kinase is provided as the protein. When the assay 
is conducted in the milieu of a cell, the kinase may be provided as either the protein or 
as an mRNA encoding said kinase, wherein, in order that the kinase be available in the 
assay, the mRNA is translated and kinase protein is thereby produced. It will be 
apparent from the Examples provided herein that it is a simple matter to obtain mRNA 

25 specifying the kinase and inject the mRNA into a cell for production of the kinase 
protein. The kinase may also be provided by expression of a plasmid, which encodes 
the kinase protein. Standard molecular biology techniques may be used to construct 
operable plasmids encoding the kinase protein and to express the plasmid in cells 
(Sambrook, et al., 1989, In: Molecular Cloning: A Laboratory Manual, Cold Spring 

30 Harbor Laboratory, New York). 

As discussed herein, the method of identifying a kinase modulator may be performed 
either in vitro wherein the assay mixture is cell-free, in vitro wherein live cells are 
included in the assay, or in vivo in an animal. Thus, in one aspect of the invention, the 
mixture is contained within a eukaryotic cell and the method of the invention may be 

35 performed wherein some of the components of the assay mixture may be provided 
exogenously to a cell my microinjection of the components therein, and some of the 
components may be endogenous in the cell. 
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The term "endogenous in the cell" as used herein, means that the component is 
naturally produced in the subject cell. 

The term "exogenous to the cell" as used herein, means that the component is not found 
naturally in the subject cell, or is found therein at a low level, and is added thereto. 
5 When the method of the invention is performed using a eukaryotic cell, one or more of 
the kinase protein, the kinase substrate and the test compound may be injected into the 
eukaryotic cell prior to the incubation. The cell so injected is then incubated under 
conditions that facilitate protein kinase activity and the level of protein kinase activity 
is subsequently measured following the incubation period using the assays described 
10 herein. 

The eukaryotic cell that is useful in the methods of the invention may be any one of a 
Xenopus laevis oocyte, a Xenopus laevis embryo cell, a mammalian cell (such as a I 
OTI/2 cell), a Drosophila melanogaster S2 cell, a Dictyostefium discoideum cell and a 
yeast cell. Still more preferably, the eukaryotic cell is the murine pituitary 

1 5 corticotroph-derived adenoma cell line cell AtT-20. 

The source of phosphate for use in the methods of the invention may be any common 
source of phosphate, including, but not limited to, a nucleotide triphosphates such as, 
but not limited to, ATP or GTP. In a preferred embodiment, the phosphate source has 
bound thereon a detectable label which label is transferred with the phosphate group to 

20 the kinase substrate during the reaction. In this manner, phosphorylated kinase 

substrate may be distinguished from non- phosphorylated kinase substrate in that the 
phosphorylated substrate will contain the detectable label whereas the non- 
phosphorylated substrate will not contain the label. In another embodiment, the 
phosphate source does not have bound thereon a detectable label; instead, 

25 phosphorylated kinase substrate may be distinguished from non- phosphorylated kinase 
substrate, for instance by recognition of one form of the substrate, but not the other, by 
an antibody. 

The detectable label, which is useful in the methods of the invention may include any 
known or heretofore unknown detectable label which is transferred to the kinase 
30 substrate upon transfer of a phosphate group thereto as a result of protein kinase 
activity. 

Labels which are useful include, but are not limited to, radioactive labels, such as y^P, 
31 S , and non-radioactive labels, such as biotin and the like. 

35 In another embodiment, the present invention to provide a method for identifying a 
compound capable to alter the CRH signalling response activity in a cell, said method 
comprising; 
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a) contacting a mixture comprising a phosphatase selected from the group 
consisting of SEP IDNO. SEO IDNO: 36 and SEQ ID NQ. SEO ID NO: 38. and a 
suitable phosphorylated substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 
5 measuring the level of phosphorylation of said substrate in the presence of said 

compound compared to the level of phosphorylation of said substrate in the absence of 
said test compound. 

As for the kinase assay, the phosphatase in the assay of the invention, may be provided 
as a protein or it may be provided in the assay mixture as an mRNA encoding said 

10 phosphatase. The phosphorylated substrate is typically labeled with a detectable 

phosphate residue. Labels which are useful include, but are not limited to, radioactive 
labels, such as y^P, 31 S , and non-radioactive labels, such as biotin and the like. For 
use in a phosphatase activity assay, the substrate preferably consists of a peptide 
substrate, phosphorylated at a tyrosine or serine residue, typically labeled with y^P. In 

15 general, phosphorylation may be accomplished in a variety of ways. Typically, a * 
protein tyrosine kinase is used. For example, a soluble.EGF-receptor kinase in 
combination with . sup.32 P-labeled ATP may be used to phosphorylate a tyrosine 
residue on a peptide of the present invention. Such a phosphorylation reaction is 
typically allowed to proceed for about 2 hours at 30.degree. C. or overnight at room 

20 temperature. Phosphorylated peptide, hereinafter referred to as "phosphopeptide", is 
then purified from a phosphorylation reaction mixture. For example, peptide may be 
separated from a reaction mixture by addition of trichloroacetic acid and centrifugation, 
whereby the peptide remains in the supernate. The peptide is generally further purified 
by column chromatography, e.g. , on CI 8. Purified phosphorylated peptide may be 

25 lyophilized and stored at - 20. degree. C. prior to use. 

Following incubation, phosphopeptide which is not dephosphorylated ("non- 
dephosphorylated phosphopeptide") is separated from radioactivity released by 
dephosphorylation of phosphopeptide (i.e., from free radioactive phosphorus released 
by dephosphorylation). As used herein, the term "radioactive phosphorous" includes all 

30 forms in which a radioactive phosphorus atom may be present on a tyrosine residue and 
removed by dephosphorylation, e.g., as a phosphate group. Typically, separation of 
non-dephosphorylated phosphopeptide from free radioactive phosphorus released by 
dephosphorylation of phosphopeptide is effected by centrifugation, following 
termination of the dephosphorylation reaction by the addition of substances including 

35 nonradioactive phosphates and charcoal. Radioactivity in the supernate is determined 
by means well known to those of ordinary skill in the art. Based upon the amount of 
radioactivity added to the assay mixture initially via the phosphopeptide and the 
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amount of radioactivity detected at the end of the assay as radioactivity released by 
dephosphorylation, the phosphatase enzymatic activity of the sample assayed may be 
calculated. 

It is also an embodiment of the present invention to provide a method for identifying a 
5 compound capable to alter the CRH signalling response activity in a cell, said method 
comprising; 

a) contacting a cell which expresses at least one protein comprising an amino 
acid sequence selected from the group consisting of SEP ID NP. SEP I D NP: 26. SEQ 
tD-NQr SEO IDNO: 28. SEQ ID NO. SEO ID NO: 30. SEP ID NO. SEO ID NO: 32 and 

1 0 SEP ID NO. SEO ID NO: 34 with said test compound; and 

b) compare the levels of a second messenger, such as cAMP, cGMP, Ca 2+ or IP3 
in said cell, in the presence and absence of said compound. 

Levels of second messengers can be determined using art known techniques either in 
whole cells or cellular extracts comprising one of the aforementioned proteins. 

15 

A further method to identify a compound capable to alter CRH signalling in a cell is 
based on the use of a gene, such as a reporter gene, operably linked to a gene promoter 
or regulatory sequence element thereof characterized in that said gene promoter or 
regulatory sequence element comprises a transcription factor binding site, wherein said 
20 transcription factor is capable of modulating CRH signalling in a cell. In a preferred 
embodiment the transcription factor capable of modulating CRH signalling in a cell is 
being selected from SEP ID NO. SEO ID NO: 2. SEQ ID NO. SEO IDNP: 4. SEQ ID 
NO rSEO IDNO: 6 and SEP ID NP. SEP ID NP: 8. 

Accordingly, the present invention provides a recombinant DNA molecule comprising 
25 the gene promoter region as defined above. In the said recombinant DNA molecule, the 
promoter region can be operably linked to a nucleic acid molecule encoding a 
detectable product, such as a reporter gene. The term "operably linked", as used herein, 
means functionally fusing a promoter with a gene in the proper frame to express the 
gene under control of the promoter. As used herein, the term "reporter gene" means a 
30 gene encoding a gene product that can be identified using simple, inexpensive methods 
or reagents and that can be operably linked to the promoter region or an active 
fragment thereof. Reporter genes such as, for example, a firefly luciferase, P- 
galactosidase, alkaline phosphatase, the bacterial chloramphenicol acetyl transferase or 
green fluorescent protein reporter gene, can be used to determine transcriptional 
35 activity in screening assays according to the invention (see, for example, Goeddel (ed.), 
Methods Enzymol., Vol. 185, San Diego: Academic Press, Inc. (1990); see also 
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Sambrook, supra). In a preferred embodiment, the reporter gene is the firefly luciferase 
gene. 

The invention also provides a vector comprising the recombinant DNA molecule as 
defined above, as well as a host cell stably transformed with such a vector, or generally 
5 with the recombinant DNA molecule according to the invention. The term "vector" 
refers to any carrier of exogenous DNA that is useful for transferring the DNA into a 
host cell for replication and/or appropriate expression of the exogenous DNA by the 
host cell. Accordingly, in a specific embodiment said vector is an expression vector 
such as pGL31uc, pBLCATS (LMBP 2451), pGMCSFlacZ (LMBP 2979), pEGFP or 
1 0 pSEAPbasic (DMB 3 1 1 5),wherein LMBP and DMB numbers refer to the accession 
numbers of these expression vectors at the Belgian Co-ordinated Collections of Micro- 
organisms. 

In another aspect, the invention provides a method for identification of a compound 
15 modulating CRH signalling activity, said method comprising the steps: (i) contacting a 
candidate agent with a gene promoter region as defined above; and (ii) determining 
whether said candidate agent modulates expression of the detectable product, such 
modulation being indicative for an agent capable of modulating CRH signalling 
activity. The detectable product refers either to the gene encoded protein or to the 
20 product of a reporter gene such as luciferas^, p-galactosidase or green fluorescent 

protein. Methods to quantify the detectable products are generally known in the art and 
include amongst others the use of a colorimetric substrate if the expression product is 
an enzyme, the use of specific antibodies in an RIA or ELISA assay or the 
measurement of the level of mRNA transcribed from genes operably linked to the 
25 promoter, wherein said mRNA can be measured either directly or indirectly using 
standard procedures. 

Preferably, the gene promoter comprising a transcription factor binding site for a 
transcription factor selected from the group consisting of SEP ID NO. SEP ID NP: 2. 
SEP lDNO. SEOIDNO: 4. SEP1DNO. SEP IDNP: 6 and SEP ID NO. SEP ID NO: 8. 



Identification of the nucleic acid sequences encoding proteins capable of 
modulating CRH signaling. 
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In another aspect the present invention relates to isolated and purified nucleic acid 
molecules which encodes proteins capable of modulating CRH signalling, wherein said 
nucleic acid molecule is either RNA, DNA, cDNA or genomic DNA. 

5 In particular, the present invention encompasses an isolated and purified nucleic 
acid molecule comprising a member selected from a group consisting of: 

(a) a nucleic acid molecule encoding a protein that modulates CRH signalling 
having at least a 70% identity to a polypeptide comprising an amino acid 
sequence selected from the group consisting of SEP ID No. SEO I'D NO: 46 and 

10 SEP LP No. SEO IDNO: 48: 

(b) a nucleic acid molecule which is complementary to the polynucleotide of (a); 
(c) a nucleic acid molecule comprising at least 15 sequential bases of the 
polynucleotide of (a) or (b); 

(d) a nucleic acid molecule that hybridizes under stringent conditions to the 
1 5 polynucleotide molecule of (a) or (b); and 

(e) a nucleic acid molecule encoding a protein that modulates CRH signalling 
comprising a nucleotide sequence of which is degenerated as a result of the 
genetic code to a nucleotide sequence of a polynucleotide of any of (a) to (d). 

20 Those skilled in the art will recognize that owing to the degeneracy of the genetic 
code, numerous "silent" substitutions of nucleotide base pairs could be introduced 
into the sequences identified as SEQ ID NO:45, SEP ID NP SEP ID NO: 47 or 
SEQ ID NP:49 without altering the identity of the encoded amino acid(s) or protein 
products. All such substitutions are intended to be within the scope of the 

25 invention. 

In a further aspect, the present invention relates to Human purine permease 
polynucleotides. Such polynucleotides include isolated polynucleotides comprising 
a nucleotide sequence encoding a polypeptide which has at least 70% identity, 
preferably at least 80% identity, more preferably at least 90% identity, yet more 

30 preferably at least 95% identity, to the amino acid sequence selected from the group 
consisting of SEQ ID NP:46 and SEQ ID NP:48, over the entire length said amino 
acid sequence. In this regard, polypeptides which have at least 97% identity are 
highly preferred, while those with at least 98-99% are more highly preferred, and 
those with at least 99% identity are most highly preferred. Such polynucleotides 

35 include a polynucleotide consisting essentially of a polynucleotide sequence 
selected from SEP ID No. SEP ID NO: 45. SEP ID No. SEP ID NP:4 7 or SEQ ID 
Ne rSEP IDNP: 49. 
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Accordingly, in a further aspect, the present invention provides for an 
isolated polynucleotide, comprising: 

a) a nucleotide sequence encoding a polypeptide which has at least 70% identity, 
5 preferably at least 80% identity, more preferably at least 90% identity, more 
preferably at least 90% identity, yet more preferably at least 90% identity, yet more 
preferably at least 95% identity, even more preferably at least 97-99% identity to an 
amino acid sequence selected from the group consisting of SEP ID No. SEP ID 
NO:46 and SEQ ID No. SEP IDNO: 48: 

10 b) a nucleotide sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, more preferably at least 90% 
identity, Yet more preferably at least 90% identity, yet more preferably at least 95% 
identity, even more preferably at least 97-99% identity, to a polynucleotide selected 
from the group consisting of SEQ ID No. SEP ID NP: 45. SEP ID No. SEP ID 

15 NQ:47 and SEP ID No. SEP ID NP: 49. over the entire length of said 
polynucleotide; 

c) a nucleotide sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, more preferably at least 90% 
identity, Yet more preferably at least 90% identity, yet more preferably at least 95% 

20 identity, even more preferably at least 97-99% identity a polynucleotide selected 
from the group consisting of SEP ID No. SEP ID NQ: 45. SEP ID No. SEP ID 
NP:47 and SEP ID No. SEP ID NP: 49. over the entire coding region of said 
polynucleotide; and 

d) a nucleotide sequence consisting of a polynucleotide selected from the group 
25 consisting of SEP ID No. SEP ID NP: 45. SEP ID No. SEP ID NP: 47 and SEQ ID 

Ne rSEP IDNP: 49. 

The polynucleotides as outlined above are in particular provided for use in a 
screening method or diagnostic method according to the invention. In particular to 
identify capable of modulating CRH signaling in a cell or to diagnose altered CRH 

30 metabolism in an individual. 

Identity or similarity, as known in the art, are relationships between two or 
more polypeptide sequences or two or more polynucleotide sequences, as 
determined by comparing the sequences. In the art, identity also means the degree 
of sequence relatedness between polypeptide or polynucleotide sequences, as the 

35 case may be, as determined by the match between strings of such sequences. Both 
identity and similarity can be readily calculated (Computational Molecular Biology, 
Lesk, A. M., ed., Pxford University Press, New York, 1988; Biocomputing: 
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Informatics and Genome Projects, Smith, D. W., ed., Academic Press, New York, 
1993; Computer Analysis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. 
G., eds., Humana Press, New Jersey, 1994; Sequence Analysis in Molecular 
Biology, von Heinje, G., Academic Press, 1987; and Sequence Analysis Primer, 
5 Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991). While 
there exist a number of methods to measure identity and similarity between two 
polynucleotide or two polypeptide sequences, both terms are well known to skilled 
artisans (Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 
1987; Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton 

10 Press, New York, 1991; and Carillo, H., and Lipman, D., (1988) SIAM J. Applied 
Math., 48, 1073. Methods commonly employed to determine identity or similarity 
between sequences include, but are not limited to those disclosed in Carillo, H., and 
Lipman, D., (1988) SIAM J. Applied Math., 48, 1073. Preferred methods to 
determine identity are designed to give the largest match between the sequences 

15 tested. Methods to determine identity and similarity are codified in computer 
programs. Preferred computer program methods to determine identity and similarity 
between two sequences include, but are not limited to, GCG program package 
(Devereux, J., et ah, (1984) Nucleic Acids Research 12(1), 387), BLASTP, 
BLASTN, and FASTA (Atschul, S. F. et ah, (1990) J. Molec. Biol. 215, 403). 

20 The nucleic acid sequence encoding a protein capable of modulating CRH 

activity, or fragment thereof, can be isolated from a tissue in which said gene is 
expressed, such as but not limited to, brain, hart, kidney, pancreas, liver and skin. 
Said sequence can also be isolated from mammals other than human and mouse. 
Other cells and cell lines may also be suitable for use to isolate mammalian purine 

25 permease cDNA. Selection of suitable cells may be done by screening for CRH 
modulating activity in cell extracts or in whole cell assays, as described herein. 
Cells that possess CRH modulating activity in any one of these assays may be 
suitable for the isolation of purine permease DNA or mRNA. 

Any of a variety of procedures known in the art may be used to moleculary 

30 clone DNA encoding a protein according to the invention. In one method, mRNA 
is isolated, and first strand cDNA synthesis is carried out. A second round of DNA 
synthesis can be carried out for the production of the second strand. Subsequently 
by the specific PCR amplification of DNA fragments through the design of 
degenerate oligonucleotide primers from the amino acid sequence of the purified 

35 protein that modulates CRH signalling, an isolated cDNA can be obtained. If 
desired the double-stranded cDNA can be cloned into any suitable vector, for 
example, a plasmid, thereby forming a cDNA Iibary. Another method is to screen 
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cDNA libraries constructed in a bacteriophage or plasmid shuttle vector with a 
labeled oligonucleotide probe targeted to any suitable region of SEP ID NO: SEP 
ID NO: l. SEP LP NO SEP ID NO: 3, SEP ID NO. SEO LP NO: 5. SEP ID NP. SEP 
ID NP: 7. SEP IP NP. SEP IP NP: 9, SEQ IP NP. SEP IP NQ: 1K SEQ IP 
5 NO rSEP IP NP: 13. SEP IP NP. SEP ID NP: 15. SEP ID NP. SEP IP NP: 17. 
SEP IP NP. SEP IP NP: 19, SEP IP NP. SEP ID NP: 2L SEP ID NP. SEP ID 
NP:23. SEP ID NP. SEP ID NP: 25> SEP ID NP. SEP ID NO: 27. SEQ ID NP. 
SEP ID NP: 29. SEP ID NP. SEP ID NP: 3L SEQ ID NP. SEP ID NO: 33. SEQ ID 
NO rSEP ID NP: 35. SEP ID NP. SEP ID NP: 37. SEP ID NP. SEP ID NP: 39. 

10 SEP ID NP. SEP ID NP: 41. SEP ID NP. SEP ID NP: 43. SEP ID NP. SEP ID 
NP:45, SEP ID NP. SEP ID NP: 47 or SEQ ID NP:49. See e.g. PCR Protocols: A 
Guide to Method and Application, Ed. M. Innis et ai, Academic Press (1990). . 

Methods for constructing cDNA libraries in a suitable vector such as, a 
plasmid or phage for propagation in prokaryotic or eukaryotic cells are well known 

15 to those skilled in the art. [See e.g. Maniatis et al. Supra]. Suitable cloning vectors 
are well known and are widely available. 

It is readily apparent to those skilled in the art that other types of libraries, 
as well as libraries constructed from other cells or cell types, may be useful for 
isolating the nucleic acid sequences according to the invention. Pther types of 

20 libraries include, but are not limited to, cDNA libraries derived from other cells, 
from organisms other than human and mouse, and genomic DNA libraries that 
include YAC (yeast artificial chromosome) and cosmid libraries. Construction of 
genomic DNA libraries can be performed by standard techniques well known in the 
art. Well known genomic DNA library construction techniques can be found in T. 

25 Maniatis et al Molecular Cloning: A Laboratory Manual. 2d Ed. Chap. 14 (1989). 

The skilled artisan will appreciate that, in many cases, an isolated cDNA 
sequence will be incomplete, in that the region coding for the polypeptide is short at 
the 5' end of the cDNA. This is a consequence of reverse transcriptase, an enzyme 
with inherently low 'processivity' (a measure of the ability of the enzyme to remain 

30 attached to the template during the polymerisation reaction), failing to complete a 
DNA copy of the mRNA template during the 1 st strand cDNA synthesis. 

There are several methods available and well known to those skilled in the 
art to obtain full-length cDNAs, or extend short cDNAs, for example those based 
on the method of Rapid Amplification of cDNA ends (RACE) (Frohman et al., 

35 1988, PNAS USA 85, 8998-9002), or recent modifications of this technique, 
exemplified by the Marathon™ technology (Clontech Laboratories Inc.). 
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In order to clone the polynucleotide encoding aprotein according to the 
invention by the above methods, the amino acid sequence of the polypeptide 
encoded by said nucleic acid sequence may be necessary. To accomplish this, the 
proteins according to the invention, may be purified and partial amino acid 
5 sequence determined by automated sequenators. It is not necessary to determine 
the entire amino acid sequence, but the linear sequence of two regions of 6 to 8 
amino acids from the protein is determined for the production of primers for PCR 
amplification of a partial DNA fragment. 

Once suitable amino acid sequences have been identified, the DNA 

10 sequences capable of encoding them are synthesized. Because the genetic code is 
degenerate, more than one codon may be used to encode a particular amino acid, 
and therefore, the amino acid sequence can be encoded by any of a set of similar 
DNA oligonucleotides. Only one member of the set will be identical to the 
polynucleotide sequences according to the invention and will be capable of 

15 hybridizing to DNA encoding the desired protein, even in the presence of DNA 
oligonucleotides with mismatches. DNA isolated by these methods can be used to 
screen DNA libraries from a variety of cell types, from invertebrate and vertebrate 
sources, and to isolate homologous genes. 

20 polypeptides 

In a further embodiment this invention relates to a polypeptide in a 
substantially pure form which modulate CRH signalling wherein said polypeptide is 
encoded by an isolated and purified nucleic acid molecule according to the 
invention. In a preferred embodiment the polypeptide has the amino acid sequence 

25 selected from the group consisting of SEP ID NO SEP ID NO: 46. SEQ ID NO 
SEP ID NO: 48 and functional analogs thereof 

The protein according to the invention includes all possible amino acid 
variants encoded by the nucleic acid according to the invention including a 
polypeptide encoded by said molecule and having conservative amino acid 

30 changes. 

Those skilled in the art will recognize that theprotein which modulate CRH 
signalling, could be obtained by a plurality of recombinant DNA techniques 
including, for example, hybridization, polymerase chain reaction (PCR) 
amplification, or de novo DNA synthesis (See e.g., T. Maniatis et ai Molecular 
35 Cloning: A Laboratory Manual. 2d Ed. Chap. 14 (1989)). 
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Purified biologically active protein that modulates CRH signallings may 
have several different physical forms. The polypeptides according to the invention 
may exist as full-length nascent or unprocessed polypeptides, or as partially 
processed polypeptides or combinations of processed polypeptides. The full-length 
5 nascent polypeptide may be post-translationally modified, amongst other, by 
specific proteolytic cleavage events that result in the formation of fragments of the 
full-length nascent polypeptide. A fragment, or physical association of fragments 
may have the full biological activity associated with proteins according to the 
invention; however, the degree of CRH modulating activity may vary between 

10 individual fragments. 

Also preferred in this aspect of the invention are fragments characterized by 
structural or functional attributes of the polypeptide. Preferred embodiments of the 
invention in this regard include fragments that comprise alpha-helix and alpha-helix 
forming regions, beta-sheet and beta-sheet-forming regions, turn and turn-forming 

15 regions, coil and coil-forming regions, hydrophilic regions, hydrophobic regions, 
alpha amphipathic regions, beta amphipathic regions, flexible regions, surface- 
forming regions, substrate binding region, high antigenic index regions of the 
polypeptide of the invention, and combinations of such fragments. Preferred regions 
are those that mediate activities of the polypeptides of the invention. Most highly 

20 preferred in this regard are fragments that have a chemical, biological or other 
activity of the response regulator polypeptide of the invention, including those with 
a similar activity or an improved activity, or with a decreased undesirable activity. 

Recombinant expression of polynucleotides encoding protein which modulate CRH 
25 activity 

In another embodiment polynucleotides according to the invention may be 
recombinantly expressed by molecular cloning into an expression vector containing 
a suitable promoter and other appropriate transcription regulatory elements, and 

30 transferred into prokaryotic or eukaryotic host cells to produce a protein that 
modulates CRH signalling. Techniques for such manipulations are fully described 
in Maniatis, T, et ah, supra, and are well known in the art. 

Therefore, in a further aspect this invention provides an expression vector for 
expression of a protein that modulates CRH signalling in a recombinant host, wherein 

35 said vector contains a nucleic acid sequence encoding a protein that modulates CRH 
signalling and functional analogs thereof. In a more preferred aspect of this invention 
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this expression vector contains a nucleic acid molecule encoding a protein that 
modulates CRH signalling, having a nucleotide sequence selected from a group 
consisting of: SEQ ID NP:45, SEP LP NO SEP IDNO: 47. SEQ ID NO:49 and 
functional analogs thereof or contains genomic DNA encoding a protein that modulates 
5 CRH signalling. 

Expression vectors are defined herein as DNA sequences that are required 
for the transcription of cloned copies of genes and the translation of their mRNAs 
in an appropriate host. Such vectors can be used to express eukaryotic genes in a 
variety of hosts such as bacteria including E. coli. cyanobacteria, plant cells, insect 

10 cells, amphibian cells, fungal cells including yeast cells, and animal cells. 

Specifically designed vectors allow the shuttling of DNA between hosts 
such as bacteria-yeast or bacteria-animal cells or bacteria-fungal cells or bacteria- 
invertebrate cells. An appropriately constructed expression vector may contain: an 
origin of replication for autonomous replication in host cells, selectable markers, a 

1 5 limited number of useful restriction enzyme sites, a potential for high copy number, 
and active promoters. A promoter is defined as a DNA sequence that directs RNA 
polymerase to bind to DNA and initiate RNA synthesis. A strong promoter is one 
that causes mRNAs to be initiated at high frequency. Expression vectors may 
include, but are not limited to, cloning vectors, modified cloning vectors, 

20 specifically designed plasmids or viruses. 

The isolated and purified nucleic acid molecules, according to the invention, 
encoding a protein which modulates CRH signalling may be cloned into an 
expression vector for expression in a recombinant host cell. Recombinant host cells 
may be prokaryotic or eukaryotic, including but not limited to bacteria such as K 

25 coli, fungal cells such as yeast, amphibian cells such as Xenopus oocytes, 
mammalian cells including but not limited to cell lines of human, bovine, porcine, 
monkey and rodent origin, and insect cells including but not limited to Drosophila- 
and silkworm-derived cell lines. Cell lines derived from mammalian species which 
may be suitable and which are commercially available, include but are not limited 

30 to, CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), CPS-7 (ATCC CRL 1651), 
CHP-K1 (ATCC CCL 61), 3T3 (ATCC CCL 92), NIH/3T3 (ATCC CRL 1658), 
HeLa (ATCC CCL 2), CI 271 (ATCC CRL 1616), BS-C-1 (ATCC CCL 26), MRC- 
5 (ATCC CCL 171), L-cells, neuroblastoma, glial cells and HEK-293 (ATCC 
CRL1573). 

35 Therefore, in a further embodiment this invention relates to a recombinant 

host cell containing a recombinantly cloned nucleic acid molecule encoding a 
protein that modulates CRH signalling or functional analog thereof. In a further 
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aspect the recombinant host cell according to the invention contains a nucleic acid 
molecule which is either genomic DNA or has a nucleotide sequence selected from 
a group consisting of: (SEQ ID NO:45); ( SEQ ID NO SEP ID NO: 47): (SEQ ID 
NO:49); and functional analogs thereof. 
5 The expression vector may be introduced into host cells via any one of a 

number of techniques including but not limited to transformation, transfection, 
protoplast . fusion, lipofection, and electroporation. The expression vector- 
containing cells are clonally propagated and analyzed to determine whether they 
produce a protein that modulates CRH signalling. Identification of permeases 

10 expressing host cell clones may be done by several means, including but not limited 
to immunological reactivity with antibodies directed against the polypeptides 
according to the invention, and the presence of host cell-associated mammalian 
purine permease activity. 

Thus, the present invention also relates to a process for expression of 

15 protein that modulates CRH signalling in a recombinant host cell, comprising 
culturing the host cells according to the invention under conditions which allow 
expression of the protein that modulates CRH signalling from the expression vector 
as outlined herein. The proteins of this invention may be synthesized either by 
direct expression or as a fusion protein comprising the protein of interest as a 

20 translational fusion with another protein or peptide that may be removable by self, 
enzymatic or chemical cleavage. Therefore, in a particular embodiment this 
invention provides the proteins according to the invention wherein said polypetides 
are part of a fusion protein. 

It is often observed in the production of certain peptides in recombinant 

25 systems that expression as a fusion protein prolongs the life span, increases the 
yield of the desired peptide, or provides a convenient means of purifying the 
protein. This is particularly relevant when expressing mammalian proteins in 
prokaryotic hosts. A variety of peptidases (e.g. enterokinase and thrombin), which 
cleave a polypeptide at specific sites or digest, the peptides from the amino or 

30 carboxy termini (e.g. diaminopeptidase) of the peptide chain are known. 
Furthermore, particular chemicals (e.g. cyanogen bromide) will cleave a 
polypeptide chain at specific sites. The skilled artisan will appreciate the 
modifications necessary to the amino acid sequence (and synthetic or semi- 
synthetic coding sequence if recombinant means are employed) to incorporate site- 

35 specific internal cleavage sites. See e.g., P.Carter, "Site Specific Proteolysis of 
Fusion Proteins", Chapter 13, in Protein Purification: From Molecular Mechanisms 
to Large Scale Processes. American Chemical Society, Washington, D.C. (1990). 
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Furthermore, one could use, e.g., a mammalian cell that already comprises in 
its genome a nucleic acid molecule encoding a protein that modulates CRH 
signalling as described above, but does not express the same or not in an appropriate 
manner due to, e.g., a weak promoter, and introduce into the mammalian cell a 
5 regulatory sequence such as a strong promoter in close proximity to the endogenous 
nucleic acid molecule encoding said purine permease polypeptide so as to induce 
expression of the same. 

As such a recombinant host cell containing a polynucleotide encoding a 
protein which modulates CRH signalling under the control of a heterologous 
10 transcription and/or regulatory sequence or protein, would be another embodiment 
of this invention. 

In this context the term "regulatory sequence" denotes a nucleic acid 
molecule that can be used to increase the expression of the purine permease 
polypeptide, due to its integration into the genome of a cell in close proximity to the 

15 CRH modulating protein-encoding gene. Such regulatory sequences comprise 
promoters, enhancers, inactivated silencer intron sequences, 3'UTR and/or 5 f UTR 
coding regions, protein and/or RNA stabilizing elements, nucleic acid molecules 
encoding a regulatory protein, e.g., a transcription factor, capable of inducing or 
triggering the expression of the CRH modulating protein-encoding gene or other 

20 gene expression control elements which are known to activate gene expression 
and/or increase the amount of the gene product. The introduction of said regulatory 
sequence leads to increase and/or induction of expression of polypeptides, which 
modulate CRH signalling, resulting in the end in an increased amount of said 
polypeptides in the cell. Thus, the present invention is aiming at providing de novo 

25 and/or increased expression of polypeptides that modulate CRH signalling. 

Introduction of the construct into the host cell can be effected by calcium 
phosphate transfection, DEAE-dextran mediated transfection, cationic lipid- 
mediated transfection, electroporation, transduction, infection, or other methods. 
Such methods are described in many standard laboratory manuals, such as Davis, 

30 Basic Methods In Molecular Biology (1986). It is specifically contemplated that 
polypeptides, which modulate CRH signalling may in fact be expressed by a host 
cell lacking a recombinant vector. 

In addition, expression of polynucleotides according to the invention may 
also be performed using in vitro produced synthetic mRNA. Synthetic mRNA or 

35 mRNA isolated from cells capable of modulating CRH signaling can be efficiently 
translated in various cell-free systems, including but not limited to wheat germ 
extracts and reticulocyte extracts, as well as efficiently translated in cell based 
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systems, including but not limited to microinjection into frog oocytes, with 
microinjection into frog oocytes being generally preferred. 

Transgenic non-human animals 

5 The present invention also relates to a method for the production of a 

transgenic non-human animal, preferably transgenic mouse, comprising introduction 
of a polynucleotide or vector of the invention into a germ cell, an embryonic cell, 
stem cell or an egg or a cell derived therefrom. The non-human animal can be used 
in accordance with a screening method of the invention described herein and may be 

10 a non-transgenic healthy animal, or may have a phosphate uptake or reabsorption 
disorder, preferably a disorder caused by at least one mutation in the protein that 
modulates CRH signalling. Such transgenic animals are well suited for, e.g., 
pharmacological studies of drugs in connection with mutant forms of the above 
described polypeptides. Production of transgenic embryos and screening of those 

15 can be performed, e.g., as described by A. L. Joyner Ed., Gene Targeting, A 
Practical Approach (1993), Oxford University Press. The DNA of the embryonal 
membranes of embryos can be analyzed using, e.g., Southern blots with an 
appropriate probe; see supra. 

Preferably, the transgenic non-human animal of the invention further 

20 comprises at least one inactivated wild type allele of the corresponding mammalian 
CRH modulating protein-encoding gene; see supra. This embodiment allows for 
example, the study of the interaction of various mutant forms of polypeptides 
according to the invention on the onset of the clinical symtoms of disease related to 
disorders in CRH metabolism. All the applications that have been herein before 

25 discussed with regard to a transgenic animal also apply to animals carrying two, 
three or more transgenes; e.g. encoding neutral endopeptidase (NEP). It might be 
also desirable to inactivate protein that modulates CRH signalling expression or 
function at a certain stage of development and/or life of the transgenic animal. This 
can be achieved by using, for example, tissue specific, developmental and/or cell 

30 regulated and/or inducible promoters which drive the expression of, e.g., an 
antisense or ribozyme directed against the RNA transcript encoding the protein 
capable of modulating CRH signalling; see also supra. A suitable inducible system 
is for example tetracycline-regulated gene expression as described, e.g., by Gossen 
and Bujard (Proc. Natl. Acad. Sci. 89 USA (1992), 5547-5551) and Gossen et al. 

35 (Trends Biotech. 12 (1994), 58-62). Similar, the expression of the mutant protein 
that modulates CRH signalling may be controlled by such regulatory elements. 
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Furthermore, the invention also relates to a transgenic mammalian cell which contains 
(preferably stably integrated into its genome) a nucleic acid molecule according to 
the invention or part thereof, wherein the transcription and/or expression of the 
5 nucleic acid molecule or part thereof leads to reduction of the synthesis of a protein 

that modulates CRH signalling. 

In a preferred embodiment, the reduction is achieved by an anti-sense, sense, ribozyme, 
co-suppression and/or dominant mutant effect. "Antisense" and "antisense nucleotides" 
10 means DNA or RNA constructs which block the expression of the naturally occurring 
gene product. 

The provision of the polynucleotide according to the invention opens up the 
possibility to produce transgenic non-human animals with a reduced level of the 
protein as described above and, thus, with a defect in phosphate metabolism. 

15 Techniques how to achieve this are well known to the person skilled in the art. 

These include, for example, the expression of antisense-RNA, ribozymes, of 
molecules which combine antisense and ribozyme functions and/or of molecules 
which provide for a co-suppression effect; see also supra. When using the 
antisense approach for reduction of the amount of protein that modulates CRH 

20 signallings in cells, the nucleic acid molecule encoding the antisense-RNA is 

preferably of homologous origin with respect to the animal species used for 
transformation. However, it is also possible to use nucleic acid molecules which 
display a high degree of homology to endogenously occurring nucleic acid 
molecules encoding a protein that modulates CRH signalling. In this case the 

25 homology is preferably higher than 80%, particularly higher than 90% and still 

more preferably higher than 95%. The reduction of the synthesis of a protein 
according to the invention in the transgenic mammalian cells can result in an 
alteration in, e.g., adenine reabsorption. In transgenic animals comprising such 
cells this can lead to various physiological, developmental and/or morphological 

30 changes. 

Thus, the present invention also relates to transgenic non-human animals comprising 
the above-described transgenic cells. These may show, for example, a deficiency in 
CRH metabolism compared to wild type animals due to the stable or transient 
35 presence of a foreign DNA resulting in at least one of the following features: 

(a) disruption of (an) endogenous gene(s) encoding a protein capable of 
modulating CRH signalling; 
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(b) expression of at least on antisense RNA and/or ribozyme against a transcript 
comprising a polynucleotide of the invention; 

(c) expression of a sense and/or non-translatable mRNA of the polynucleotide of 
the invention; 

5 (d) expression of an antibody of the invention; 

(e) incorporation of a functional or non-functional copy of the regulatory 
sequence of the invention; or 

(f) incorporation of a recombinant DNA molecule or vector of the invention. 

10 With the polypeptides, their encoding polynucleotides and vectors of the invention, 
it is now possible to study in vivo and in vitro the efficiency of drugs in relation to 
particular mutations in protein that modulates CRH signallings of a patient and the 
affected phenotype. Furthermore, mutant forms of polypeptides of the invention can 
be used to determine the pharmacological profile of drugs and for the identification 

15 and preparation of further drugs which may be effective for the treatment of 
disorders related to the CRH metabolism, in particular for the amelioration of CRH 
induced stress or depression. 

It will thus be appreciated that the present invention also relates to a method for 
20 preventing, treating or ameliorating a medical condition related to a disorder of CRH 
metabolism including CRH receptor related disorders which comprises 
administering to a mammalian subject a therapeutically effective amount of the 
polypeptides, the polynucleotides or the vectors encoding a protein capable of 
modulating CRH signalling of the present invention. 

25 

Diagnostic Assays 

This invention further relates to the use of polynucleotides of the present invention 
as diagnostic reagents. Detection of a mutated form of the gene characterised by the 
polynucleotide of SEP ID NO: SEP ID NO: l. SEP ID NO SEPIDNP: 3. SEQ ID 

30 NOr SEP ID NO: 5. SEP ID NP. SEP ID NP: 7. SEP ID NP. SEP ID NP: 9. SEQ ID 
NO rSEOlDNO: !!. SEP ID NP. SEP ID NO: 13. SEQ ID NO. SEO ID NO: 15. SEQ 
ED-NQt SEP ID NO: 17. SEP ID NP. SEP ID NO: 19. SEP ID NP. SEP ID NO: 2L 
SEP ID NP. SEP ID NO: 23. SEP ID NP. SEP ID NP: 25. SEP ID NP. SEP ID 
NP:27, SEP ID NP. SEP ID NP: 29. SEP ID NP. SEP ID NO: 31. SEQ ID 

35 NQ rSEPlDNP: 33. SEP ID NP. SEP IDNO: 35. SEP ID NP. SEP ID NP: 37. SEQ 
{D-NQt SEP ID NP: 39. SEP ID NP. SEP ID NO: 41. SEP ID NP. SEP ID NP: 43. 
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SEQ ID NO. SEO ID NO: 45. SEP ID NO. SEQ ID NO: 47 or SEQ ID NO:49 which 
is associated with a dysfunction will provide a diagnostic tool that can add to, or 
define, a diagnosis of a disease, or susceptibility to a disease, which results from 
under-expression, over-expression or altered spatial or temporal expression of the 
5 gene. Individuals carrying mutations in the gene may be detected at the DNA level 
by a variety of techniques. 

It will thus be appreciated that this invention provides a method of 
diagnosing a pathological condition or a susceptibility to a pathological condition in 
a subject related to a disorder of CRH activity comprising: 
10 (a) determining the presence or absence of a mutation in the polynucleotide 
according to the invention; and 

(b) diagnosing a pathological condition or susceptibility to a pathological 
condition based on the presence or absence of said mutation. 

Nucleic acids for diagnosis may be obtained from a subject's cells, such as from 

15 blood, urine, saliva, tissue biopsy or autopsy material. The genomic DNA may be 
used directly for detection or may be amplified enzymatically by using PCR or other 
amplification techniques prior to analysis. RNA or cDNA may also be used in 
similar fashion. Deletions and insertions can be detected by a change in size of the 
amplified product in comparison to the normal genotype. Point mutations can be 

20 identified by hybridizing amplified DNA to labeled mammalian purine permease 
nucleotide sequences. Perfectly matched sequences can be distinguished from 
mismatched duplexes by RNase digestion or by differences in melting temperatures. 
DNA sequence differences may also be detected by alterations in electrophoretic 
mobility of DNA fragments in capilary electrophoresis columns or gels, with or 

25 without denaturing agents, or by direct DNA sequencing (e.g., Myers et al t Science 
(1985)230:1242). Sequence changes at specific locations may also be revealed by 
specific restriction endonucleases, nuclease protection assays, such as RNase and SI 
protection or a chemical cleavage method (see Cotton et al> Proc Natl Acad Sci 
USA (1985) 85: 4397-4401). In another embodiment, an array of oligonucleotides 

30 probes comprising a nucleotide sequence encoding a protein capable of modulating 
CRH activity or fragments thereof can be constructed to conduct efficient screening 
of e.g., genetic mutations. Array technology methods are well known and have 
general applicability and can be used to address a variety of questions in molecular 
genetics including gene expression, genetic linkage, and genetic variability (see for 

35 example: M.Chee et al., Science, Vol 274, pp 610-613 (1996)). 

The diagnostic assays offer a process for diagnosing or determining a 
susceptibility to the diseases through detection of mutations in the CRH modulating 
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protein-encoding gene by the methods described. In addition, such diseases may be 
diagnosed by methods comprising determining from a sample derived from a subject 
an abnormally decreased or increased level of polypeptide or mRNA, as well as by 
determining from said samples the presence of protein derivatives compared to the 
5 normal structure. Decreased or increased expression can be measured at the RNA 
level using any of the methods well known in the art for the quantitation of 
polynucleotides, such as, for example; nucleic acid amplification, for instance via 
PCR, RT-PCR; RNase protection; Northern blotting and other hybridization 
methods. Assay techniques that can be used to determine levels of a protein, such as 

10 a polypeptide of the present invention, in a sample derived from a host are well- 
known to those of skill in the art. Such assay methods include radioimmunoassays, 
competitive-binding assays, Western Blot analysis and ELISA assays. Assay 
techniques that can be used to determine the presence of protein derivatives or 
variants comprise amongst others mass spectrometry. 

15 Thus in another aspect, the present invention provides a method of 

diagnosing a pathological condition or a susceptibility to a pathological condition in 
a subject related to a disorder of prolonged CRH exposure comprising: 
(a) determining the presence or amount of expression of the polypeptide or a 
derivative thereof according to the invention in a biological sample; and 

20 (b) diagnosing a pathological condition or susceptibility to a pathological 
condition based on the presence or amount of expression of the polypeptide or of a 
derivative thereof. 

In particular the present invention provides a method of diagnosing a CRH 
induced gene expression profile in an individual, said method comprising; 

25 a) obtaining a biological sample of said individual; and 

b) determine the amount of at least one protein that modulates corticotropin 
releasing hormone (CRH) signaling in said biological sample; 

whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEO ID NO. SEP ID 

30 NO: 2. SEQ4&4 SEO ID NO:4. SEP ID NO. SEO ID NO: 6. SEP ID NO. SEO 

ID NO: 8. SEP ID NO. SEO ID NO: 10. SEO ID NO. SEO ID NO: 12. SEQ ID 
NO rSEOIDNO: 14. SEP ID NO. SEO ID NO: 16, SEQ ID NO. SEO IDNO: 18. 
SEP ID NO. SEO IDNO: 20. SEO ID NO. SEO ID NO: 22. SEO ID NO. SEO ID 
NO:24. SEP ID NP. SEP ID NO: 26. SEP ID NO. SEO ID NO: 28. SEQ ID 

35 NOr SEP ID NO: 30. SEP ID NO. SEO ID NO: 32. SEO ID NO. SEO ID NO: 34. 

SEO ID NO. SEO ID NO: 36. SEO ID NO. SEO ID NO: 38. SEO ID NO. SEO ID 
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NO:40. SEQ ID NO. SEP ID NO:4 2. SEP ID NO. SEO ID NO: 44. SEQ ID 
NQ rSEP ID NO: 46 and SEP ID NO. SEO ID NP:4 8. In an alternative 
embodiment the method of diagnosing a CRH induced expression profile is not 
limited to at least one protein according to the invention, but requires the 
5 simultaneous assessment of the expression levels of the group of proteins 

identified as being involved in CRH signaling, i.e. the proteins having the 
amino acid sequences SEP ID NO. SEO ID NP:2 . SEP ID NO. SEO ID NO: 4. 
SEP ID NO. SEO ID NO:6 . SEP ID NO. SEO ID NO: 8. SEQ ID NO. SEO ID 
NO: 10. SQ ID NP.12, SEP ID NP. SEP ID NP: 14. SEP ID NO. SEO ID 

10 NO: 16, SEP ID NO. SEO ID NO: 18. SEP ID NO. SEO ID NO: 20. SEQ ID 

NQ tSEO ID NO: 22. SEP ID NP. SEP ID NP:2 4. SEP ID NP. SEP ID NP: 26. 
SEP ID NP. SEP ID NP: 28. SEP ID NO. SEO ID NO: 30. SEP ID NO. SEO ID 
NO:32. SEP ID NP. SEP ID NP: 34. SEP ID NP. SEP ID NO: 36. SEQ ID 
NO tSEP ID NP: 38. SEP ID NP. SEP ID NP:4 0. SEP ID NP. SEP ID NP:4 2. 

1 5 SEP ID NP. SEP ID NP: 44 and SEP ID NP. SEP ID NP: 48. 

Preferably the amount of said proteins is determined either at the protein level, 
preferably using, antibodies that bind thereto, or at the gene transcription level, 
preferably using probes that bind to a polynucleotide encoding an amino acid sequence 
selected from the group consisting of SEP ID NP. SEP ID NP: 2. SEP ID 4 SEP ID 

20 NP:4. SEP ID NP. SEP ID NO: 6. SEP ID NP. SEP ID NP: 8. SEP ID NP. SEP ID 
NP:10. SEP ID NP. SEP ID NP: 12. SEP ID NP. SEP ID NP: 14. SEP ID NP. SEP ID 
NO: 16, SEP ID NP. SEP ID NP: 1 8, SEP ID NP. SEP ID NP:2 0. SEP ID NP. SEP ID 
NP:22. SEP ID NP. SEP ID NP: 24. SEP ID NP. SEP ID NP:2 6. SEP ID NP. SEP ID 
NP:28. SEP ID NP. SEP ID NP: 30. SEP ID NP. SEP ID NP: 32. SEQ ID NO. SEOJD 

25 NP:34, SEP ID NP. SEP ID NP: 36. SEP ID NP. SEP ID NP: 38. SEP ID NP. SEP ID 
NP:40. SEP ID NO. SEO ID NO:4 2. SEQ ID NO. SEO ID NO: 44. SEP ID NO. SEO ID 
NO:46 and SEP ID NP. SEP ID NP: 48. In the simultaneous assessment of the group 
of proteins involved in CRH signaling the level of gene expression is analysed using 
microarray technology. 

30 

Alternatively the CRH induced gene expression profile is determined by assessing 
the level of gene transcription of a gene comprising a nucleic acid sequence selected 
from the group consisting of SEP ID NP: SEP ID NP: 1. SEP ID NP SEP ID 
NP: 3. SEP ID NP. SEP ID NP: 5. SEP ID NP. SEP ID NP: 7. SEP ID NP. SEP ID 
35 NP: 9. SEP ID NO. SEO JD NO: 1 1 , SEP ID NO. SEO IDNO: l 3, SEP ID NO. SEO 
ID NO: 15. SEQ ID NO. SEO ID NO: 17. SEQ ID NO. SEO ID NO: 19. SEQ ID 
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NO rSEO ID NP: 21. SEP ID NO. SEP ID NP: 23, SEQ ID NP. SEP ID NP: 25. SEQ 
tD-^Or SEP ID NP: 27. SEP ID NP. SEP ID NP: 29. SEP ID NP. SEP ID NP: 31. 
SEP ID NP. SEP ID NP: 33. SEP ID NP. SEP ID NO: 35. SEP ID NP. SEP ID 
NP:39, SEP ID NP. SEP ID NP: 4K SEP ID NP. SEP ID NP:4 3. SEP ID NP. SEP 
5 ID NP: 45. SEP ID NP. SEP ID NP: 47 or SEQ ID NP:49. Methods to determine 
the level of gene transcription have been described hereinbefore and comprise in a 
preferred embodiment the use of a probe which binds, preferably selectively binds to 
a polynucleotide selected from the group consisting of SEQ ID NP: SEP ID NP: 1, 
SEP ID NO SEP ID NP: 3. SEP ID NP. SEP ID NP: 5. SEP ID NP. SEP ID NP: 7. 

10 SEP ID NP. SEP ID NP: 9. SEP ID NP. SEP ID NP: 11. SEP ID NP. SEP ID 
NP:13. SEP ID NP. SEP ID NO: IS, SEP ID NP. SEP ID NP: 17. SEP ID NP. SEP 
ID NO: 19. SEP ID NP. SEP ID NO: 21. SEP ID NP. SEP ID NO: 23. SEQ ID 
NO rSEP ID NO: 25. SEP ID NP. SEP ID NO: 27. SEP ID NP. SEP ID NO: 29. 
SEP ID NP. SEP ID NP: 3L SEP ID NP. SEP ID NP: 33. SEP ID NP. SEP ID 

1 5 NO:35, SEP ID NP. SEP ID NO: 37. SEP ID NP. SEP ID NO: 39. SEP ID NP. SEP 
ID NP: 4L SEP ID NP. SEP ID NO: 43. SEP ID NP. SEP ID NO: 45. SEQ ID 
NOr SEP ID NP: 47 or SEQ ID NP:49 or the complement thereof. In another 
embodiment, an array of oligonucleotides probes comprising a nucleotide sequence 
according to the invention or fragments thereof can be constructed to conduct 

20 efficient screening of the level of gene transcription in the sample of an individual. 

In a further aspect, the present invention relates to a diagnostic kit which 
comprises: 

(a) a polynucleotide of the present invention, preferably the nucleotide sequence of 
25 SEP ID NP: SEP ID NO: 45. SEP ID NP: SEP ID NO: 47. SEP ID NP: SEP ID 

NP: 49 or a fragment thereof; 

(b) a nucleotide sequence complementary to that of (a); 

(c) a polypeptide of the present invention, preferably the polypeptide of SEQ ID 
NP:46, SEP ID NP SEP ID NP: 48 or a fragment thereof; or 

30 (d) an antibody to a polypeptide of the present invention, preferably to the 
polypeptide of SEQ ID NP:46 or SEP ID NP SEP ID NP:4 8 and optionally 
suitable means for detection. 

It will be appreciated that in any such kit, (a), (b), (c) or (d) may comprise a 
substantial component. Such a kit will be of use in diagnosing a disease or 
35 suspectability to a disease, particularly CRH metabolism related disorders such as 
CRH induced stress or depression. 

The nucleotide sequences of the present invention are also valuable for 
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chromosome localisation. These sequences are specifically targeted to, and can 
hybridize with, a particular location on an individual human chromosome. The 
mapping of relevant sequences to chromosomes according to the present invention is 
an important first step in correlating those sequences with gene-associated disease. 
5 Once a sequence has been mapped to a precise chromosomal location, the physical 
position of the sequence on the chromosome can be correlated with genetic map 
data. Such data are found in, for example, V. McKusick, Mendelian Inheritance in 
Man (available on-line through Johns Hopkins University Welch Medical Library). 
The relationship between genes and diseases that have been mapped to the same 
10 chromosomal region are then identified through linkage analysis (coinheritance of 
physically adjacent genes). The gene of the present invention maps to human 
chromosome 15. 

The differences in the cDNA or genomic sequence between affected and 
unaffected individuals can also be determined. If a mutation is observed in some or 

15 all of the affected individuals but not in any normal individuals, then the mutation is 
likely to be the causative agent of the disease. 

The nucleotide sequences of the present invention are also valuable for tissue 
localisation. Such techniques allow the determination of expression patterns of the 
polypeptides according to the invention in tissues by detection of the mRNAs that 

20 encode them. These techniques include in situ hybridziation techniques and 
nucleotide amplification techniques, for example PCR. Such techniques are well 
known in the art. Results from these studies provide an indication of the normal 
functions of the polypeptides in the organism. 

25 The polypeptides of the invention or their fragments or analogs thereof, or 

cells expressing them, can also be used as immunogens to produce antibodies 
immunospecific for polypeptides of the present invention. The term 
"immunospecific" means that the antibodies have substantially greater affinity for 
the polypeptides of the invention than their affinity for other related polypeptides in 

30 the prior art. 

Thus in another embodiment, this invention provides a monospecific antibody 
immunologically reactive with a mammalian purine permease. In a preferred 
embodiment said antibody is immunologically reactive with a polypeptide having an 
amino acid sequence selected from a group consisting of: ( SEQ ID NO SEP ID 
35 NO;46); (SEQ ID NO:48); and functional analogs thereof or said antibody blocks 
activity of a protein that modulates CRH signalling. 

Antibodies generated against polypeptides of the present invention may be 
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obtained by administering the polypeptides or epitope-bearing fragments, analogs or 
cells expressing these to an animal, preferably a non-human animal, using routine 
protocols. For preparation of monoclonal antibodies, any technique which provides 
antibodies produced by continuous cell line cultures can be used. Examples include 
5 the hybridoma technique (Kohler, G. and Milstein, C, Nature (197 '5)256:495 '-497), 
the trioma technique, the human B-cell hybridoma technique (Kozbor et al, 
Immunology Today (1983)4:72) and the EBV-hybridoma technique (Cole et al, 
MONOCLONAL ANTIBODIES AND CANCER THERAPY, pp.77-96, Alan R. 
Liss, Inc., 1985). 

10 Techniques for the production of single chain antibodies, such as those 

described in U.S. Patent No.4,946,778, can also be adapted to produce single chain 
antibodies to polypeptides of this invention. Also, transgenic mice, or other 
organisms, including other mammals, may be used to express humanized antibodies. 
The above-described antibodies may be employed to isolate or to identify 

15 clones expressing the polypeptide or to purify the polypeptides by affinity 
chromatography. 

Antibodies against polypeptides of the present invention may also be 
employed to treat the CRH metabolism related disorders. 

In a further aspect, the present invention relates to genetically engineered 

20 soluble fusion proteins comprising a polypeptide of the present invention, or a 
fragment thereof, and various portions of the constant regions of heavy or light 
chains of immunoglobulins of various subclasses (IgG, IgM, IgD, IgE). Preferred as 
an immunoglobulin is the constant part of the heavy chain of human IgG, 
particularly IgG I, where fusion takes place at the hinge region. In a particular 

25 embodiment, the Fc part , can be removed simply by incorporation of a cleavage 
sequence which can be cleaved with for instance blood clotting factor Xa. 
Furthermore, this invention relates to processes for the preparation of these fusion 
proteins by genetic engineering, and to the use thereof for drug screening, diagnosis 
and therapy. A further aspect of the invention also relates to polynucleotides 

30 encoding such fusion proteins. Examples of fusion protein technology can be found 
in International Patent Application Nos. W094/29458 and W094/22914. 

Therapeutic Utility 

A further aspect of the invention relates to an immunological/vaccine 
35 formulation (composition) which, when introduced into a mammalian host, induces 
an immunological response in that mammal to a polypeptide of the present invention 
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wherein the composition comprises a polypeptide or polynucleotide of the present 
invention. The vaccine formulation may further comprise a suitable carrier. Since a 
polypeptide may be broken down in the stomach, it is preferably administered 
parenterally (for instance, subcutaneous, intramuscular, intravenous, or intradermal 
5 injection). Formulations suitable for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, 
bacteriostats and solutes which render the formulation isotonic with the blood of the 
recipient; and aqueous and non-aqueous sterile suspensions which may include 
suspending agents or thickening agents. The formulations may be presented in unit- 

10 dose or multi-dose containers, for example, sealed ampoules and vials and may be 
stored in a freeze-dried condition requiring only the addition of the sterile liquid 
carrier immediately prior to use. The vaccine formulation may also include adjuvant 
systems for enhancing the immunogenicity of the formulation, such as oil-in water 
systems and other systems known in the art. The dosage will depend on the specific 

15 activity of the vaccine and can be readily determined by routine experimentation. 

In still another approach, expression of the gene encoding proteins which 
modulate CRH signalling can be inhibited using expression blocking techniques. 
Known such techniques involve the use of antisense sequences, either internally 

20 generated or externally administered (see, for example, O'Connor, J.Neurochem 
(1991) 56:560 ;01igodeoxynucleotides as Antisense Inhibitors of Gene Expression, 
CRC Press, Boca Raton, FL (1988)). Alternatively, oligonucleotides which form 
triple helices ("triplexes") with the gene can be supplied (see, for example, Lee et 
al, Nucleic Acids Res (1979)6:3073; Cooney et aL, Science (1988)241:456; Dervan 

25 et al, Science (1991)251:1360). These oligomers can be administered per se or the 
relevant oligomers can be expressed in vivo. Synthetic antisense or triplex 
oligonucleotides may comprise modified bases or modified backbones. Examples of 
the latter include methylphosphonate, phosphorothioate or peptide nucleic acid 
backbones. Such backbones are incorporated in the antisense or triplex 

30 oligonucleotide in order to provide protection from degradation by nucleases and are 
well known in the art. Antisense and triplex molecules synthesised with these and/or 
other modified backbones also form part of the present invention. 

In another process for inhibiting expression of a target gene in a cell, RNA 
with partial or fully double-stranded character is introduced into the cell or into the 

35 extracellular environment. Inhibition is specific in that a nucleotide sequence from a 
portion of the target gene is chosen to produce inhibitory RNA. The RNA may 
comprise one or more strands of polymerized ribonucleotide; it may include 
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modifications to either the phosphate-sugar backbone or the nucleoside. The 
double-stranded structure may be formed by a single self-complementary RNA 
strand or two complementary strands. Inhibition is sequence-specific in that the 
nucleotide sequences corresponding to the duplex region of the RNA are targeted for 
5 genetic inhibition. RNA containing a nucleotide sequence identical to a portion of 
the target sequence is preferred. Examples of RNA inhibition technology can be 
found in International Patent Application WO 99/32619. 

In addition, expression of the proteins which modulate CRH signalling may be 
prevented by using ribozymes specific to the mRNA sequence encoding said 

10 protein. Ribozymes are catalytically active RNAs that can be natural or synthetic 
(see for example Usman, N, et al., Curr. Opin. Struct. Biol (1996)6(4), 527-33.) 
Synthetic ribozymes can be designed to specifically cleave the aforementiond 
mRNAs at selected positions thereby preventing translation of said mRNAs into 
functional polypeptide. Ribozymes may be synthesised with a natural ribose 

15 phosphate backbone and natural bases, as normally found in RNA molecules. 
Alternatively the ribozymes may be synthesised with non-natural backbones to 
provide protection from ribonuclease degradation, for example, 2'-0-methyl RNA, 
and may contain modified bases. 

For treating abnormal conditions related to an under-expression of proteins 

20 which modulate CRH signalling, several approaches are also available. One 
approach comprises administering to a subject a therapeutically effective amount of 
a compound which activates a polypeptide of the present invention, i.e., an agonist 
as described above, in combination with a pharmaceutical^ acceptable carrier, to 
thereby alleviate the abnormal condition. Alternatively, gene therapy may be 

25 employed to effect the endogenous production of mammalian purine permease by 
the relevant cells in the subject. For example, a polynucleotide of the invention may 
be engineered for expression in a replication-defective retroviral vector, as discussed 
above. The retroviral expression construct may then be isolated and introduced into 
a packaging cell transduced with a retroviral plasmid vector containing RNA 

30 encoding a polypeptide of the present invention such that the packaging cell now 
produces infectious viral particles containing the gene of interest. These producer 
cells may be administered to a subject for engineering cells in vivo and expression of 
the polypeptide in vivo. For an overview of gene therapy, see Chapter 20, Gene 
Therapy and other Molecular Genetic-based Therapeutic Approaches, (and 

35 references cited therein) in Human Molecular Genetics, T Strachan and A P Read, 
BIOS Scientific Publishers Ltd (1996). Another approach is to administer a 
therapeutic amount of a polypeptide of the present invention in combination with a 
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suitable pharmaceutical carrier. 

In a further aspect, the present invention provides for pharmaceutical 
compositions comprising a therapeutically effective amount of a polypeptide, such 
as the soluble form of a polypeptide of the present invention, agonist/antagonist 
5 peptide or small molecule compound, in combination with a pharmaceutically 
acceptable carrier or excipient. Such carriers include, but are not limited to, saline, 
buffered saline, dextrose, water, glycerol, ethanol, and combinations thereof. The 
invention further relates to pharmaceutical packs and kits comprising one or more 
containers filled with one or more of the ingredients of the aforementioned 

10 compositions of the invention. Polypeptides and other compounds of the present 
invention may be employed alone or in conjunction with other compounds, such as 
therapeutic compounds. 

The composition will be adapted to the route of administration, for instance by 
a systemic or an oral route. Preferred forms of systemic administration include 

15 injection, typically by intravenous injection. Other injection routes, such as 
subcutaneous, intramuscular, or intraperitoneal, can be used. Alternative means for 
systemic administration include transmucosal and transdermal administration using 
penetrants such as bile salts or fusidic acids or other detergents. In addition, if a 
polypeptide or other compounds of the present invention can be formulated in an 

20 enteric or an encapsulated formulation, oral administration may also be possible. 
Administration of these compounds may also be topical and/or localized, in the form 
of patches, salyes, pastes, gels, and the like. 

The dosage range required depends on the choice of peptide or other 
compounds of the present invention, the route of administration, the nature of the 

25 formulation, the nature of the subject's condition, and the judgment of the attending 
practitioner. Suitable dosages, however, are in the range of 0.1-100ng/kg of subject. 
Wide variations in the needed dosage, however, are to be expected in view of the 
variety of compounds available and the differing efficiencies of various routes of 
administration. For example, oral administration would be expected to require 

30 higher dosages than administration by intravenous injection. Variations in these 
dosage levels can be adjusted using standard empirical routines for optimization, as 
is well understood in the art. 

Polypeptides used in treatment can also be generated endogenously in the 
subject, in treatment modalities often referred to as "gene therapy" as described 

35 above. Thus, for example, cells from a subject may be engineered with a 
polynucleotide, such as a DNA or RNA, to encode a polypeptide ex vivo, and for 
example, by the use of a retroviral plasmid vector. The cells are then introduced into 
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the subject. 

This invention will be better understood by reference to the Experimental Details 
that follow, but those skilled in the art will readily appreciate that these are only illustrative 
5 of the invention as described more fully in the claims that follow thereafter. Additionally, 
throughout this application, various publications are cited. The disclosure of these 
publications is hereby incorporated by reference into this application to describe more 
fully the state of the art to which this invention pertains. 

10 

EXPERIMENTAL PROCEDURES 

Cell culture and sample preparation - AtT-20 cells were purchased from ATCC and 
were maintained at 37°C in 5% CO2 in humidified air in Dulbecco's modified Eagle's 
medium (Invitrogen Life Technologies) containing 10 % fetal bovine serum, 5% horse 

1 5 serum and 4.5 g/L D-glucose. For experiments cells were seeded in 25 cm 2 flasks. The 
medium was replaced 48 h later and cells were treated with either 0.1% DMSO, l^M 
CRH (Sigma) in DMSO, l^M R121919 in DMSO or lyM CRH +1^M R121919 in 
DMSO for 0, 0.5, 1, 2, 4, 8 and 24 h in fresh medium. The incubation was stopped by 
aspirating the incubation medium and adding 3 ml Trizol (Invitrogen Life 

20 Technologies) for lysis of the cells. Total RNA was extracted using Trizol according to 
the instructions of the manufacturer. 100|ig total RNA was further purificied using 
Rneasy kit (Qiagen) with DNAsel treatment on column. 

Microarray hybridization - cRNA was prepared as follows. Reverse transcription was 
25 performed on lOjig of total RNA for lh at 42°C using a T7-oligo(dT) 2 4-primer and 
Superscriptll RT (Invitrogen Life Technologies). Second strand cDNA synthesis was 
done for 2 h at 16°C using Escherichia coli DNA Polymerase I, DNA ligase and 
RNAseH (Invitrogen Life Technologies). After phenol-chloroform extraction using 
phase-lock gel (Eppendorf) in vitro transcription was performed for 6 h at 37°C using 
30 the Bioarray high-yield RNA transcript labeling kit with Biotin labeled ribonucleotides 
(Enzo Diagnostics). cRNA samples were purified on Qiagen Rneasy columns followed 
by fragmentation for 35 min at 95°C. cRNA yields were between 50 and 100|ig. 
Samples were processed on GeneChips (Affymetrix, Santa Clara, CA). In order to 
check the quality of each sample, 5|ig of labeled cRNA was run on Test2-arrays. 
35 Actual experiments were performed on Murine Genome U74Av2 arrays, containing 
probe sets interrogating approximately 12,000 full-length mouse genes and EST 
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clusters from the UniGene database (Build 74). Hybridization was performed using 
15|i.g cRNA for 16 h at 45°C under continuous rotation. Arrays were stained in 
Affymetrix Fluidics stations using Streptavidin/Phycoerythrin (SAPE) followed by 
staining with anti-streptavidin antibody and a second SAPE staining. Subsequently 
arrays were scanned with a HP-Laserscanner and data were analyzed with the 
Microarray Suite Software (Affymetrix). No scaling or normalization was performed at 
this stage. Quality of the experiment was assessed based on the percentages present 
calls across all samples which was on average 47.06±2.45%. The cytoplasmic B-actin 
and GAPDH 5 73' ratios were 1.10±0.08 and 0.93±0.05 respectively. 

Data analysis and selection of genes 

Raw intensities on each array were aligned using the following global mean algorithm: 



lOg Ialigned = log I raw + 



Z. I raw ^ ' Iraw 

|Og all samples \og ^ mdsamp 

# genes x # samples # genes 
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Basically this alignment sets the average intensity of one array to the average measured 
across all arrays, compensating for array to array variations in hybridization, washing 
and staining, ultimately allowing a reasonable comparison between arrays. After 
alignment polished data were analyzed using weighted spectral mapping. Weighted 

20 spectral mapping is an unsupervised multivariate analysis method which includes 

double-centering of the data combined with a specialized visualization representing the 
two highest principle components. Even though double-centering removes the "size" 
component of the array data, this information is reintroduced in the visualization via 
the area of the symbols representing the size of the respective samples and genes. This 

25 method allows the reduction of a large microarray dataset and provides means to 

visually inspect and thereby identify clusters of genes and/or subjects in the data (7). 
A more detailed analysis was carried out using the Omni Viz program. All records 
which were absent in all experiments were removed and all signals less than 20 were 
set to 20. Gene expression fold differences for CRH, R121919 and CRH+R121919 

30 treatments were calculated at each timepoint. For those calculations signals at 

corresponding timepoints in DMSO treated samples were used to calculate ratios. 
Quantitative RT-PCR - Microarray data were confirmed using real time PCR analysis. 
First strand cDNA synthesis was performed on 0.5jig total RNA using random hexamer 
primers and Superscriptll RT (Invitrogen Life Technologies). Quantitative PCR was 

35 performed on a ABIPrism 7700 cycler (Applied Biosystems) using a Taqman PCR kit. 
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Serial dilutions of cDNA were used to generate standard curves of threshold cycles 
versus the logarithms of concentration for B-actin, c-fos, Crh-Rl, Crh-R2, Rgs2 and the 
genes of interest (see table 2 for sequences). A linear regression line calculated from 
the standard curves allowed the determination of transcript levels in RNA samples from 
5 the different time points. 

RESULTS 

Transcriptional response to CRH was studied in the CRH-R1 -expressing murine AtT- 
10 20 pituitary corticotroph-derived adenoma cell line. Whereas CRH-R1 was readily 
detectable both by real time quantitative RT-PCR (RTq) and western blot, CRH-R2 
expression could not be discerned in AtT-20 cells. In order to identify CRH-R1 specific 
responses cells were exposed to l|iM CRH, l^M CRH in the presence of luM of a 
CRH-R1 specific antagonist R121919 and to R121919 alone. Transcriptional responses 
1 5 were followed over time until 24 h after the first administration. In order to assess 
treatment efficacy, c-fos mRNA levels were determined by RTq on RNA from the 
different treatments and time points before array experiments were carried out. In 
agreement with previous reports, exposure to CRH elicited a transient surge in c-fos 
transcription, with levels already going down after 0.5 to 1 h (see figure 1)(8;9). This 
20 response was almost completely suppressed in the presence of R121919. Interestingly, 
0.1% DMSO induced c-fos expression, however levels were between 5 to 10 times 
lower compared to CRH induced expression. 

All time points were analyzed on microarrays containing approximately 12000 murine 
genes and ESTs. Overall analysis of the expression profiles using spectral mapping (a 
- 25 so called unsupervised method) indicated progressing time to account for most of the 
observed changes in gene expression (see figure 2). Synchronization of cell cycle in 
these cultures induced by addition of new medium and serum could possibly account 
for this phenomenon although accumulation of metabolites and progressing cell culture 
are additional contributing factors. The spectral map analysis also showed that CRH 
30 treated samples differed from other samples mainly in the early time points (0.5h until 
2h), with overall differences in expression becoming very small after 8h. Because of 
this obvious influence of time, expression measurements were analyzed relative to 
those observed in the corresponding time point in DMSO treated control samples. 
Regulated genes were defined as those showing a greater than 2-fold change in 
35 transcript levels at any one time point. Using the Omni Viz Treescape view, 1 1 1 genes 
that met this criterion, showing a difference in expression after treatment with CRH 
compared to treatment with the antagonist, were selected. 26 out of the 1 1 1 genes were 
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"early responders", showing a 2-fold change already after 30 minutes treatment with 
CRH. 32 genes were "intermediate responders", responding after 1 to 2 hours of 
treatment and 53 genes were "late responders", showing a response after 2 hours or 
more after treatment (see figure 3). These responses were suppressed by the CRH-R1 
5 antagonist R121919. Among the early responders were known players in the pathways 
downstream of the CRH-R1 such as the transcription factors Nurrl, Nurr77, Jun-B, 
validating the assay. 

Interesting novel players identified include transcription factors (e.g. hairy /enhancer- 
of-split related 1 (Heyl), nuclear factor regulated by interleukin 3 (NFIL3), cAMP 

10 responsive element modulator (CREM) and prostate specific ets transcription factor 
(Pse)), receptor and channel regulators (e.g. Ras-related GTP-binding protein (GEM) 
and receptor (calcitonin) activity modifying protein 3 (RAMP3)), secreted peptides 
(e.g. adrenomedullin, calcitonin, cholecystokinin) and proteins involved in intracellular 
signaling (e.g. regulator of G-protein signaling 2 (Rgs2), cAMP specific 

15 phosphodiesterase 4B (Pde4b\ inositol 1,4,5-triphosphate receptor 1 (IP3RI) and the 
regulatory subunit phosphatidylinositol 3-kinase, p85). Other interesting regulated 
genes comprise Period homolog Perl, fibroblast growth factor receptor 2 (Fgfr2\ 
serum/glucocorticoid regulated kinase and serum-inducible kinase (figure 4). 
Interestingly, all responders identified according to above mentioned criteria were up 

20 regulated after exposure to CRH. This induction was transient and nearly all of the 

induced genes return to baseline after 4 to 8 hr. Many of the induced transcripts encode 
proteins that would exert a negative feedback on the CRH-R1 signaling (e.g. Pde4, 
Rgs2, CREM, etc. . .), possibly contributing to the transient nature of the induction. In 
additiob to this negative feedback, other mechanisms such as desentisation of CRFi 

25 through phosphorylation and internalization contribute to the transient nature of the 
transcriptional induction. In this respect it is of interest to note that challenge with 
CRF quickly downregulates CRFi mRNA in rat pituitary cells. We could however not 
detect any alterations in CRFi mRNA in pituitary derived AtT-20 cells exposed to 1 
HMCRF. 

30 Confirmation of microarray data was carried out using quantitative real time PCR 
analysis on the same samples used for hybridization experiments and on a repeated 
experiment. Levels of regulation and the time course identified by microarray 
corresponded to those observed by quantitative PCR as shown for Rgs2 in figure 5. For 
those genes that have been tested, levels iof induction compared to the untreated 

35 samples are indicated in figure 4. 
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DISCUSSION 

We have identified transcriptional pathways downstream of the CRH-R1 in AtT-20 
cells using a CRH-R1 specific antagonist. Our findings are in agreement with 
activation of several second messenger such as cAMP and Ca 2+ upon stimulation with 
5 CRH. Some of the transcriptional responses can be explained by the phosphorylation of 
CREB and the subsequent transcription of genes downstream of cAMP responsive 
elements. These elements have been found for example in the promoters of Perl, 
Nurrl, CREM-ICER, c-Fos. Furthermore the kinetic profile of the induction of these 
genes correspond with the observed maximal transcription rate by CREB after 0.5 hr of 

10 cAMP formation. The induction of CREM-ICER constitutes a negative feedback 

mechanism in attenuating transcriptional response to cAMP. Of interest is the reported 
induction of CREM-ICER in response to acute stress in the intermediate lobe of the 
pituitary gland. Mice deficient for CREM-ICER show a chronic increase of beta- 
endorphin levels suggesting that CREM-ICER induction may be involved in the 

1 5 modulation of gene expression in response to stress (10). Our results suggest that 

CREM-ICER is directly involved in the modulation of CRH signaling and as a result, 
ablation of CREM-ICER could lead to an altered response to stress signals. Another 
novel putative negative feedback regulator of CRH signaling is Rgs2. We identified 
two single CRE motifs in the promoter of the human RGS2 gene, providing a possible 

20 explanation for the early response behavior of this gene upon stimulation with CRH. In 
support of our findings is a recent report showing that both phosphoinositide signaling 
and cAMP induce a rapid and transient increase in Rgs2 mRNA in human astrocytoma 
and neuroblastoma cells. The Rgs2 protein is a selective inhibitor of G qa function. 
Recently it has been shown that Rgs2 reduces odorant-elicited cAMP production, not 

25 by acting on G a but by directly inhibiting the activity of adenylyl cyclase type III. 
Although Rgs2 was originally identified as an immediate early response gene in 
activated T lymphocytes, studies in Rgs2 deficient mice indicate that it also plays a role 
in the modulation of stress related behavior as these mice show increased anxiety and 
aggression (11). Also the induction of cAMP specific phosphodiesterase 4B (Pde4b) 

30 can be categorized under negative feedback, directly attenuating the cAMP signal. 

Another important second messenger generated upon stimulation with CRH is Ca 2+ . It 
has been shown that CRH triggers a steady-state depolarization stimulated extracellular 
Ca 2+ entry via voltage-gated Ca 2+ channels and raises intracellular Ca 2+ concentration 
through release from inositol 1,4,5-triphosphate (InsP3) sensitive Ca 2+ pools(12). Both 

35 the InsP3 receptor and the p85 regulatory subunit of phosphatidylinositol 3-kinase are 
upregulated, possibly accounting for a compensating mechanism for prolonged Ca 2+ 
signaling. Also the upregulation of the small G-protein kir/Gem points towards an 
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attenuation of prolonged Ca signaling. Recent studies have shown that Gem regulates 
Ca 2+ channel expression at the cell membrane through the P auxiliary subunits. 
Increased levels of Gem have been shown to inhibit Ca 2+ -triggered exocytosis and it 
has been proposed that Gem could have a protective effect against Ca 2+ overload. In 
5 addition to its role as second messenger, intracellular Ca has also been shown to play 
a critical role in regulating gene expression. Of interest is the regulation of 
NFIL3/E4BP4 by calcineurin/NFAT and CaM kinase signaling, accounting for an 
increase in NFIL3 mRNa levels upon CRH treatment. In B lymphocytes expression of 
NFIL3 is induced by interleukin 3 through both the Raf-mitogen-activated protein 
10 kinase and phosphatidylinositol 3-kinase pathways. In this cell type NFIL3 inhibits 
apoptosis in synergy with Bcl-xL dependent pathways. Our data suggest a role for 
NFIL3 in prevention of apoptosis in AtT-20 cells. 

CRH is the most efficacious ACTH secretagogue. Unfortunately the microarrays that 
were used did not interrogate for POMC levels. However several other prepropeptides 

1 5 mRNAs were found upregulated after CRH administration such as cholecystokinin 
(CCK) and two calcitonin peptide family members, adrenomedullin (ADM) and 
calcitonin (CT). Also of interest in this respect is the upregulation of RAMP3. RAMPs 
control the transport and glycosylation of the calcitonin receptor-like receptor (CRLR). 
In the case of RAMP3, it has been shown that together with CRLR it generates an 

20 ADM receptor. Upregulation of this gene might play a role in regulating the 

responsiveness of AtT-20 cells to ADM after CRH exposure or to other extracellular 
stimuli as it is not known whether RAMP3 might regulate other G-coupled receptors. 
Although CCK is secreted by AtT-20 cells, induction of its expression by CRH has not 
been previously reported (13). Interaction between CCK and CRH has however been 

25 intensively studied and demonstrated in panic attacks, depression, anxiety and gastric 
emptying (14-19). Most of these experiments point towards a role for CRH in 
mediating the central effects of CCK. Our data indicate that CRH in addition might 
function as a CCK secretagogue. A very similar situation to that of CCK seems to be 
case for adrenomedullin as well. It has been demonstrated that ADM is expressed in 

30 pituitary gland and affects basal and CRH-stimulated ACTH release in animals, thus 
suggesting its potential role in regulating the hypothalamus-pituitary-adrenal axis(20- 
23). Current expression data show that CRH induces ADM and CT. In addition recent 
findings indicate that circulating adrenomedullin is increased in Cushing's disease, and 
the pituitary gland may represent the site of the elevated production of ADM (24), 

35 suggesting CRH might be inducing ADM. 

In conclusion, we have unraveled part of the corticotropin-releasing hormone receptor- 
1 activated gene network and have identified several novel targets of this signaling 
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cascade. Our findings trigger the need for further experiments to elucidate the function 
of these transcriptional responses to CRH stimulation both on a cellular and whole 
organism level. 
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Table 2 



B-actin forward 


5 -CATCTTGGCCTCACTGTCCAC-3 


B-actin probe 


5 -TGCTTGCTGATCCACATCTGCTGGA-3 


B-actin reverse 


5 -GGGCCGGACTCATCGTACT-3 


c-fos forward 


5 -GGGAGGACCTTACCTGTTCGT-3 


c-fos probe 


5 -CACCAGGCTGTGGGCCTCAAGG-3 


c-fos reverse 


5 -CC AGATGTGGATGCTTGC A A-3 


CRFj forward 


5 -GGG AGAAC AGA AGCGCCTG-3 


CRF, probe 


r ft A A A />T/^ A A ^l^* ✓^*^*iy"*ft AAA T*S*t A A m 1 ft 

5 - AG A AGGGTGAGGATCCCCC A A ATC AGAGT-3 


CRF 2 reverse 


5 -CCCTTGTTTCAATCACTCCCA-3 


CRF 1 forward 


5 -TTTCTGAAC AGTGAGGTCCGC-3 


CRF 1 probe 


5 -CCGGA AGAGGTGGCGGCG A-3 


CRF 1 reverse 


5 -GGGCTCTGATGGAGTGGTTG- 3 


R£S2 forward 


5 -TTGGA AGACCCGTTTGAGCT A- 3 


Rgs2 probe 


5 -TCTTGCAGAATTCCTCTGCTCCTGGG-3 


Rgs2 reverse 


5 -TTTCTTGCCAGTTTTGGGCT-3* 


Fgfr2 forward 


5 -AGACTTCCATGGGAATGATAGCA-3 


Fgfr2 probe 


5 -CCTCTCGTCOGGCAGCTGGC-S * 


Fgf r2 reverse 


5 , -AATGTGTAAGCCGGGCAGAA-3' 


Mig-6 forward 


5 A ATCCTTTGTCC A ATACTGTACAC ACA-3 * 


Mig-6 probe 


5* -GA A A AATGCACTG ATCTCCGC A-3 * 


Mig-6 reverse 


5*-GTATGAACTAAATGAAGGTTAAAACATGCT-3' 


Pi3k forward 


5 *-CC ATGGTGCTTGTTA ACGCTTT-3 ' 


Pi3k probe 


S^CCCAACTTGTAGCTGGTAAAGCTTCA-S* 


Pi3k reverse 


5 '-CCTGTCTACCTTCTGGTCTCCA A-3 * 


Crem forward 


5 '-CTTGCTGATCGTCTGGAGAGTTT-3 * 


Crem probe 


5 '-TGCTGATGACCCTCCATTGTGA-3 * 


Crem reverse 


5 *-TTA ACATTCCTGAGGTTGC A AGA A-3 * 


Pde4b forward 


5 * -GCCGTGTGTATGGCTGC AT- 3 1 


Pde4b probe 


5 * -C AGCCCCC AGGCC ACTGTGG-3 * 


Pde4b reverse 


5 -AGGAGGGATAACAGGTGCTGTGT-3 


CCK forward 


S'-CCTGGACCCCAGCCATAGA-S' 


CCK probe 


5 AGCCC ATGTAGTCCCGGTCACTTA-3' 


CCK reverse 


S'-TGCGCCGGCCAAAA-S' 


CT forward 


5 , -GCTTGGACAGCCCCAGATC-3 , 


CT probe 


5 * -GGTAGTC AGATTCCC ACAGCGCTT-3 * 


CT reverse 


5 *-TGTGTGT ACGTGCCCAGC AT-3 * 


Nfil-3 forward 


5 * -GCGAGTTTGAAGGC ATGC A-3 * 


NfiI-3 probe 


5•-CTCTCTTCAGCCGCCGATGCGAT-3 , 


Nfil-3 reverse 


5'-CCATGTTTCTCCAGGTCAAAATG-3* 


Ramp- 3 forward 


5 * -TGGC AGACTCGGCTTCTGT-3 1 


Ramp-3 probe 


5 '-TTTGCTTTGGCCAC ACCCTACCTGG-3 * 


Ramp-3 reverse 


5 * -CTGGTCGGG AGGACTTTGG-3 * 


SGK forward 


5 '-TGGACCAATGCCCCAGTT-3 ' 


SGK probe 


5 * -TCAGTC A A AGCCGTTGGTGTTTTCATTG-3 * 


SGK reverse 


5 , -GCCCGTTTTATAGGTGACATTTTAA-3 , 
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SEQUENCE LISTING 

SEP ID NO. SEP ID NQ: 1 

5 atgcagctgagaaaaatgcagaccatcaaaaaggagcccgcacccctagatcctaccagcagctcagacaagatgctgctgctgaactctgccttagc 
tgaggtggccgaggacctagcctcaggtgaagamgctcctgaacgaagggagcatggggaaaaacaaatcctcggcgtgtcggagaaaacggga 
attcattccggacgagaagaaagacgccatgtattgggagaaacggcggaaaaacaacgaagctgccaaaagatctcgggagaagcgccgcctcaa 
tgacctggtmggagaacaagctgattgccctgggagaagaaaatgccactttaaaagctgagctgctctccctgaaat^ 
acggcgtatgcccaagaaatccagaaactcagtaattccacagctgtctacmcaggactaccagacatccaaggctgccgtgagctcttttgtggacg 

10 agcatgagcctgcgatggtagccggaagttgcatctcagtcate^ 

acactcaggaaagccccgcacagggaggctgccggagccctgagaacaagttccctgtgatcaagcaggagcccgtggagttggagagctttgcca 
gggaggccagggaggagcggggcacgtattccacctccatctaccagagctacatgggaagctctttctccacttactcccactccccacccctcttgc 
aggtccatgggtccactagcaactccccaagaacctcagaggccgatgaggg^gtagtgggcaagtcttctgatggggaagacgaac 
taagggccccatccattctccagtggagctgcaacgggttcacgccacggtggtgaaggttccggaagtgaacccttctgccttaccgcacaag 

15 gattaaagccaaggccatgcaggtcaaagtggaggcmggacagcgagmgaa^ 

gacattttgacctggagaaacatggaacctcgggtatggcccattcctccctccctcctttctcagtgcaggtgacgaacattcaagattggtccctcaaat 
cggaacactggcatcacaaagaactgagcagcaaaactcagagtagcttcaaaacaggtgtggtggaagtcaaagacggtggcmtaaggtttccga 
agctgagaatttgtatttgaagcagggaatagcaaacttatctgcagaggtggtctcgctcaagagattcatagccacacaaccgatctcggcttcggact 
ccaggtaa 

20 

SEP IDNo. SEP jDNO: 2 

MQLRKMQTIKJCEPAPLDPTSSSDKMLLLNSALAEVAEDLASGEDLLLNEGSMGKNKSSACRRK 
REFIPDEKJCDAMYWEKRRKNNEAAK^ 

25 GLISSTAYAQEIQKLSNSTAVYFQDYQTSKAAVSSFVDEHEPAMVAGSCISVIKHSPQSSLSDVS 
EVSSVEHTQESPAQGGCRSPENKFPVIKQEPVELESFAREAREERGTYSTSIYQSYMGSSFSTYSH 
SPPLLQVHGSTSNSPRTSEADEGWGKSSDGEDEQQVPKGPIHSPVELQRVHATVVKVPEVNPS 
ALPHKLRIKAKAMQVKVEALDSEFEGMQKLSSPADAIAKRHFDLEKHGTSGMAHSSLPPFSVQ 
VTNIQDWSLKSEHWHHKELSSKTQSSFKTGWEVKDGGYKVSEAENLYLKQGIANLSAEWSL 

30 KRFIATQPISASDSR 

SEP ID No. SEP ID NP: 3 

tgtccgctctgcctcccacacctagcaccccagcccgctgctgccccggtgagaacccccagcttgggccttgtcatggtgccagcaggtggccctga 

35 gcttctgacaggggcctgcctatagacctgcaggcctgaggcctcagactcacactcaaggggcaagaggccctggtggcccacctaagagccacct 
ctgtccccagccctgctgccccactgatgtctgactgagacccagcagtgaccctgagctgcctgcccactgcctcctcctggtccctgaggttggctc 
gccgaggacggacgactcttctgaagcaggcggctaacggaagcagccccaagcctccaccgcagcatgggcagtgccagcccaggcctgagca 
acgtgtcccccggttgcctgctactgttcccagatgtggcaccacgaacagggacggagaaggcagcatcaggagcaatgggccctgagaagcagg 
aatggagtcctagtccacccgccacccctgagcagggcctgtctgctttctacctctcttactttaacatgtatcccgacgatagcagctgggtcgccaaa 

40 gtccccgaggcccgtgccggggaggaccacccggaggagcccgagcagtgtcccgtcattgacagccaggcctctgggagcacgttggatgagc 
actcgctagagcaggtgcaatcgatggttgtgggcgaggtcctgaaagatattgagacggcctgcaagcttctgaacatcacagcagaccctggggac 
tggagccctggtaacgtgcagaagtggcttttatggacagaacaccagtaccggctgcctccagcaggcaaggccttccaggagctgggcggtaagg 
agctgtgcgccatgtccgaggaacagttccgtcagcgtgcacccttgggtggggatgtactgcatgcccacctggacatctggaagtcagcggcctgg 
atgaaggagaggacctcgcctgggacccttcactactgcgcctccaccagcgaggagggctggacggatggtgaggtggactcgtcgtgctccggg 

45 cagcccattcacctgtggcagttcctgaaagaactgctgctcaagccccacagctatggccgcttcatccgctggctcaacaaggagaaaggcatcttc 
aaaattgaggactcagcacaggtggcccgactgtggggtgtgcgcaagaaccggccagccatgaactatgataaactaagccgctccatccgccagt 
attacaagaagggcatcattcgtaaacccgacatctctcagcgccttgtctaccaatttgtgcatccagtctgagagccacagagaccagaggcctacaa 
cctgccccaggcagccactctctggttggcctggtcctctctgctcactctgaattcaggggctgctggtatcccagaacccaaggtcccagatagacag 
ccactgatctagggatacacatgagctctctgggtcatacacaggccccaggaagatcgagggagctagttcagcacacagggactggaccaagtca 

50 gctcaccggacagtgatgtcactggtctctgct^ 

ggggtgccctggggatggataataaagacgtaagataactg 

SEP ID No. SEOIDNO: 4 

55 MGSASPGLSNVSPGCLLLFPDVAPRTGTEKAASGAMGPEKQEWSPSPPATPEQGLSAFYLSYFN 
MYPDDSSWVAKVPEARAGEDHPEEPEQCPVIDSQASGSTLDEHSLEQVQSMVVGEVLKDIETA 
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CKLLNITADPGDWSPGNVQKWLLWTEHQYRLPPAGKAFQELGGKELCAMSEEQFRQRAPLGG 
DVLHAHLDIWKSAAWMKERTSPGTLHYCASTSEEGWTDGEVDSSCSGQPIHLWQFLKELLLKP 
HSYGRFIRWLNKEKGIFKIEDSAQVARLWGVRKNRPAMNYDKLSRSIRQYYKXGIIRKPDISQR 
LVYQFVHPV 

5 

SEQ lPNo. SEO 1DNQ: 5 

cgggtcgacccacgcgtccgcccacgcgtccggcggagcttctgggttgcgggccgaaacggcaagcggatggagggcgctcgaacggccaggt 
gtcgtgattaaattagtcagccctcagagacaggcgtcctacctcctttatccagacctcaaaagccccgttgtgcacccgtggtg 

10 gtttcgtcctccactgtatggcccagacatgagtggtcccctagaaggggccgatgggggaggagaccccaggcccggagaacctttttgtcctggag 
gagtcccatcccctggggccccgcagcaccggccttgtccaggccccagcctggctgatgacactgatgcaaacagcaatggctcaagtggcaatga 
gtccaacggacccgagtccaggggcgcatctcagcggagttctcatagttcctcttctggcaatggcaaggactcagctctgctggagaccact^ 
gcagcaagagtacaaactcacagagcccatccccacccagcagctccattgcctacagcctcctgagtgcgagctcagagcaggacaacccatctac 
cagtggctgcagcagtgaacagtcagctcgagccaggacccagaaagaactcatgactgcacttcgggagctcaaacttcgactgccaccagagcgt 

15 cggggcaagggccgctctgggaccttggccacactgcagtacgctctggcctgtgtcaagcaggttcaggctaaccaggaatattaccagcagtgga 
gtctggaggagggtgagccttgtgccatggacatgtctacttacaccctggaggaattggagcatatcacatccgaatacacacttcgaaaccaggaca 
ccttctctgtggctgtgtccttcctgacaggccggattgtctatatttcggagcaggcaggtgtcctgctgcgttgcaaacgggatgtgtttcggggtgccc 
gcttctcagagctcctggctccccaggatgtgggtgtcttctatggctctactacaccatctcgactgcccacctggggcactggcacctctgcag 
ggtctcaaggacttcacccaggaaaagtctgtcttctgccgaatcagaggaggtcctgaccgggatccagggcctcggtaccagccattccgcctaac 

20 cccatatgtgaccaagattcgggtctcagatggagcccctgcacagccgtgctgcctactcattgccgagcgcatccactctggttatgaagctccccgg 
atccctcctgacaagaggatcttcaccacccgacacacaccaagctgcctcttccaggatgtagatgaaagggctgccccactgctgggttaccttcccc 
aggatctcctgggggctccagtacttctctttctacatcctgaggaccgacccctcatgctggccattcataagaagatactgcagctggcaggccagcc 
cmgaccattccccmttcgcttctgtgctcggaacggggaatatgtcaccatggacaccagctgggccggttttgtgcacccctggagccgcaaggtg 
gcmcgtgttgggjcgccataaagjgcgcacggcacccctgaat^^^ 

25 atccaggagctctcagagcagatccatcgattgctgctgcagcctgtgcacagctccagccccacggggctctgtggagttggccctctgatgtcccct 
ggtcctctacacagccctggctcctccagtgatagcaatgggggggacgctgaggggcctgggcctcctgctccagtgactttccagcagatctgtaa 
ggatgtgcatctggtaaagcaccagggacaacagctcttcattgaatctcgggccaagcccccaccccggccccgcctccttgctacaggtacattcaa 
agccaaagtccttccctgccagtccccaaaccccgaactggaggtggccccagttcctgaccaagcctcgttagccttggcccctgaggagccaga 
aggaaagaaacctctggctgttcctaccagcagatcaactgcctggacagcatcctcaggtatttggagagctgcaacattcccagtacaaccaagcgt 

30 aaatgtgcctcctcctcctcctacactgcctcttcagcctctgatgatgacaagcagagggcaggtccagttcctgtgggggccaagaaagatccgtcgt 
cagcaatgctgtctggggagggggcaactcctcggaaggagccagtggtgggaggcaccctgagcccgctcgccctggccaataaggcagagag 
cgtggtgtccgtcaccagtcag^gtagcttcagctccaccatcgtccatgtgggagacaagaagcccccggagtcggacatcatcatgatggaagac 
gcctggcctggcccctggcccagcccccagtccggcccccagccccacagtagcccctgacccaaccccagatgcttatcgcccagtgggtctgac 
caaggccgtgctgtccctgcacacacagaaggaagagcaag^ 

35 gccccctcagcccctggctgccaccatggccccattccccctggtcgccgacaccactgccgatctaaagcaaagcgttcccgccaccaccaccacc 
agaccccccggcccgaaactccctgctatgtctcccatccttcacctgtgccctcttctggaccctggccacccccaccagccacgacccccttcccag 
caatggtccagccctacccactcccagtattctcccctcgaggaggaccccagccccttccccctgcccctacatctgtgtcccctgctaccttcccttctc 
ccttagtgaccccaatggtggccttggtgctccctaactatctattccctaccccacctagttatccatatggggtgtcccaggcccctgttgaggggccac 
ccacgcctgcttcccactcgccctctccatccctgcccccaccacctctcagccccccccaccgcccagactccccactgttcaactcgagatgcagct 

40 ccccactccagctcaatctgctgcagcttgaggagtccccccgcacggaggggggcgctgctgcaggaggcccaggaagcagtgctgggcccctg 
cctcccagtgaggagactgctgagccagaggccagattggtggaggttactgagtcgtccaatcaggatgcactttcaggctccagcgacctgctgga 
gctactgctccaagaagactctcgctcgggcacaggctccgcag 

aagggggaagcacctcagccagcatcacccgcagcagtcagagcagccatacaagcaagtactttggcagcatcgactcttccgaggctgaagctg 
gggctgctcgggccaggactgagcctggggaccaggtcattaagtgtgtgctccaggaccccatctggctgctcatggccaatgccgaccagcgtgt 
45 catgatgacataccaggtgccgtccagggatgcagcctctgtgctgaagcaagaccgggagaggctccgggccatgcagaaacagcagccacggtt 
ctcagaggaccagaggcgggaactgggtgctgtgcactcctgg#^ 

ggcagcagcgttcaagatcctggccactctgatgacccgctcttctcagaactggatggattggggctggagcccatggaagagggtggaggcgagg 

gtggtgggtgtggtgttggcggtggtgggggtgatggtggtgaggaggcccagacccaaattggggctaagggttcaagctctcaggactctgccat 

ggaggaagaagagcaaggtgggggctcatccagcccagctttacctgcagaagaaaacagcaccagctagatccattttggggccgcttacagcagt 

50 ctaatgagaggcttcctttcgaccatgttggggttcttataactcaagatacagctggaccaaccaataggaaactgccccagcttctcccaacatagggg 
gctggacccccattaccagcccaggcacaggagctgcctctagcttcttagcagagtggaagttctcagccccatttggaggattgtccacgcccgtcc 
cactgaggagacgggcgggtcttcggttaaggttgctgacaagctgctgaagtggtctgtccaaatcccagctgagcctgagtcccagtcgcagggtt 
ggggctgcacttatttatttgggagagacagctcactctcccacctcaccccaagatgggaggaggggaacctgggatctgtgtaggatccaggtccgt 
gaacccctogctgctccagggtgggggaggttggtggaccatggagtccctggtgctgcccctcaggtgggacccaggtgttctcagctctaccctc^ 

5 5 ccaatgacamgtgttmgatattgtgtctgtmttttttttttaatacaaaatgacaaaatgaa 

SE01DNo. SE01DNQ: 6 
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MSGPLEGADGGGDPRPGEPFCPGGVPSPGAPQHRPCPGPSLADDTDANSNGSSGNESNGPESRG 
ASQRSSHSSSSGNGKDSALLETTESSKSTNSQSPSPPSSSIAYSLLSASSEQDNPSTSGCSSEQSAR 
ARTQKELMTALRELKLRLPPERRGKGRSGTLATLQYALACVKQVQANQEYYQQWSLEEGEPC 
5 AMDMSTYTLEELEHITSEYTLRNQDTFSVAVSFLTGRIVYISEQAGVLLRCKRDVFRGARFSELL 
APQDVGVFYGSTTPSRLPTWGTGTSAGSGLKDFTQEKSVFCRIRGGPDRDPGPRYQPFRLTPYV 
TKIRVSDGAPAQPCCLLIAERIHSGYEAPRIPPDKRIFTTRHTPSCLFQDVDERAAPLLGYLPQDL 
LGAPVLLFLHPEDRPLMLAIHKKILQLAGQPFDHSPIRFCARNGEYVTMDTSWAGFVHPWSRKV 
AFVLGRHKVRTAPLNEDVFTPPAPSPAPSLDSDIQELSEQIHRLLLQPVHSSSPTGLCGVGPLMSP 

10 GPLHSPGSSSDSNGGDAEGPGPPAPVTFQQICKDVHLVKHQGQQLFIESRAKPPPRPRLLATGTF 
KAKVLPCQSPNPELEVAPVPDQASLALAPEEPERKETSGCSYQQINCLDSILRYLESCNIPSTTKR 
KCASSSSYTASSASDDDKQRAGPVPVGAKKDPSSAMLSGEGATPRKEPWGGTLSPLALANKA 
ESVVSVTSQCSFSSTIVHVGDKKPPESDIIMMEDLPGLAPGPAPSPAPSPTVAPDPTPDAYRPVGL 
TKAVLSLHTQKEEQAFLNRFRDLGRLRGLDTSSVAPSAPGCHHGPIPPGRRHHCRSKAKRSRHH 

15 HHQTPRPETPCYVSHPSPVPSSGPWPPPPATTPFPAMVQPYPLPVFSPRGGPQPLPPAPTSVSPAT 
FPSPLVTPMVALVLPNYLFPTPPSYPYGVSQAPVEGPPTPASHSPSPSLPPPPLSPPHRPDSPLFNS 
RCSSPLQLNLLQLEESPRTEGGAAAGGPGSSAGPLPPSEETAEPEARLVEVTESSNQDALSGSSD 
LLELLLQEDSRSGTGSAASGSLGSGLGSGSGSGSHEGGSTSASITRSSQSSHTSKYFGSIDSSEAEA 
GAARARTEPGDQVIKCVLQDPIWLLMANADQRVMMTYQVPSRDAASVLKQDRERLRAMQKQ 

20 QPRFSEDQRRELGAVHSWVRKGQLPRALDVMACVDCGSSVQDPGHSDDPLFSELDGLGLEPM 
EEGGGEGGGCGVGGGGGDGGEEAQTQIGAKGSSSQDSAMEEEEQGGGSSSPALPAEENSTS 

SEP ID No. SEO ID NO: 7 | 

25 gaattcggcacgagcagcgagacgccgcgcacggtgcttccccagtggagccaatcggctaacccgcgctccggcagagtccttggcgctcgccc 
gccggcgggacagaccacccgcctctggccgctctctggaccctggccgccccgagcgaagactggagcaaaatgatgcttcaacatccaggcca 
ggtctctgcctcagaagtcagtgcgaccgccattgtcccctgcctctcacctcctgggtcactggtamgaggattttgctaacctgacaccctttgtcaag 
gaagagctgagattcgccatccagaataaacacctctgccatcggatgtccto^ 

gtcaccaagtctgaggcggcccctgaagaagatgagaggaaaaggaggcggcgagaaagaaataaaattgctgctgccaagtgtcgaa^ 
30 aaaggagaagacagagtgcctgcagaaagagtcagagaaactggagagtgtgaatgctgagctgaaggcccagattgaggagctgaagaatgaga 
aacagcatttgatatacatgctcaacctgcaccggcccacctgtatcgtccgggctcagaatggacggacaccggaagacgagaggaacctctttatcc 
aacagataaaagaaggaacattgcagagctaagcagaggtggcacggaggcaattggggagttcttactgaatcctccttttccaccccacaccctgaa 
gccattggaaaactggcttcctgtgcacttctagaatcccagcagccaagagccgttggggcaggagggcctgtggtgacctactgcattgacccactc 
tgcccccgagtgaaccgtggagcaggcaggagcatccmgtctcaccaattccaggatttaggccttatcatcccggccagtctcagatgaccta^ 
35 gccccaggctggggtcctatgcaaagcaggatcccactaatgggattcaggcagaagtgtctaccttgataggtggggtgggaccacatcctccactgt 
ggctgacaacgcccttccaagggaatatggaatgagaacattcattattg 

agaatgactgtgcatagggtatccgmcagagcctggtgttgtgcmmagatgmgtcttgcacaacattggcatgatttttccgggagtttcatcagatct 
gatttctgagagtctggggatctgccatggtggaaagtgcccctcaaaagcatttgtgtggccacatgaactggctggcaccaggggagtgaaactggc 
tgatgaccagctgagccactttgtgccaacagaggatggacgacacctttccctgtacccactgcagaggaagaaccctgggcacagcagctttgtcct 
40 tggctacaaactgttacaacgtcacacaatgaaggcacaaagtccaactttcaaagggtgtaggactccatactcagtgacagggcaggaagagccaa 
agataaccacagccacagcctgtggagaccagggttggaagccaggtgcagggccaggcatctgcattgtgggatgttaatggcactmgtcttgto 
ctatmgagatgtggtccagagcamcagctgggagatctccctctggccaccaggactctggctactgttaaaatcctgatgmctgtggaatca^ 
gtttaatcccactcaatagtatcattacagtmctgtaagagaaaatattactto 
ctggta 

45 

SEQ ID No. SEO ID NQ: 8 | 

MMLQHPGQVSASEVSATAIVPCLSPPGSLVFEDFANLTPFVKEELRFAIQNKHLCHRMSSALESV 
TVNNRPLEMSVTKSEAAPEEDERKRRRRERNKIAAAKCRNICKKEKTECLQKESEKLESVNAEL 
50 KAQIEELKNEKQHLIYMLNLHRPTCIVRAQNGRTPEDERNLFIQQIKEGTLQS 

SEQIDNo. SEQIDNO: 9 | 

cccagagataagctgacgctgggcaaacccctgggggaaggttgcttcgggcaagtagtcatggctgaagcagtgggaatcgataaagacaaaccc 
55 aaggaggcggtcaccgtggcagtgaagatgttgaaagatgatgccacagagaaggacctgtctgatctggtatcagagatggagatgatgaagatgat 
tgggaaacataagaacattatcaacctcctgggggcctgcacgcaggatggacctctctacgtcatagttgaatatgcatcgaaaggcaacctccggga 
atacctccgagcccggaggccacctggcatggagtactcctatgacattaaccgtgtccccgaggagcagatgaccttcaaggacttggtgtcctgcac 
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ctaccagctggctagaggcatggagmcttggcttcccaaaaatgtatccatcgagatttggctgccagaaacgtgttggtaacagaaaacaatgtgatg 
aagatagcagactttggcctggccagggatatcaacaacatagactactataaaaagaccacaaatgggcgacttccagtcaagtggatggctcctgaa 
gcccttmgatagagttmcactcatcagagcgatgtctggtccttcggggtgttaatgtgggagatctttactttaggggg 
ccgtggaggaactttttaagctgctcaaagagggacacaggatggacaagcccaccaactgcaccaatgaactgtacatgatgatgagggattgctgg 
5 catgctgtaccctcacagagacccacattcaagcagttggtcgaagacttggatcgaattctgactctcacaaccaatgaggaatacttggatctcaccca 
gcctctcgaacagtattctcctagtteccccgacacaagtagctcttgttcttcaggggacgattctgtgttttctccagaccccatgccttatgaaccctgtct 
gcctcagtatccacacataaacggcagtgttaaaacatga 

SEP lDNo. SEOIDNO: 10 I 

10 

PRI)KLTLGKPLGEGCFGQVYMAEAVGIDKDKPKEAVTVAVKMLKDDATEKDLSD 

MKMIGKHKNIINLLGACTQDGPLYVIVEYASKGNLREYLRARRPPGMEYSYDINRVPEEQMTF 

KDLVSCTYQLARGMEYLASQKCIHRDLAARNVLVTC^ 

GRLPVKWMAPEALFDRVYTHQSDVWSFGVLMWEIFTLGGSPYPGIPVEELFKLLKEGHRMDKP 
15 TNCTNELYMMMRDCWHAVPSQRPTFKQLVEDLDRJLTLTTNEEYLDLTQPLEQYSPSYPDTSSS 
CSSGDDSVFSPDPMPYEPCLPQYPHINGSVKT 

SEQ !DNo. SEOIDNO: ll | 

20 acccacgcgtccggccggtttcactgctcccctcagtctcttttgggctctttccgggcatcgggacgatgaccgtcaaagccgaggctgctcgaagca 
cccttacctactccagaatgaggggaatggtagcgattctcatcgcttttatgaaacagagaaggatgggcctgaacgattttattcagaagattgccagc 
aacacctatgcatgcaaacacgctgaagttcagtccattttgaaaatgtcccatcctcaggagccggagcttatgaacgctaacccctctcctccgccaag 
tccctctcaacaaatcaacctgggtccgtcctccaaccctcacgccaaaccctccgactttcacttcttgaaagtgatcggaaagggcagttttggaaagg 
ttcttctggcteggcacaaggcagaagaagtattctatgcagtcaaagttttocagaaga^ 

25 agagcggaatgttctgttgaagaatgtgaagcaccctttcctggtgggccttcacttctcattccagaccgctgacaaactctactttgtcctggactacatt 
aatggtggagagctgttctaccatctccagagggagcgctgcttcctggaaccacgggctcgattctacgcagctgaaatagccagtgccttgggctat 
ctgcactccctaaacatcgtttatagagacttaaaacctgagaatattctcctagactcccaggggcacatcgtcctcactgactttgggctctgcaaagag 
aatattgagcataacgggacaacatctaccttctgtggcacgcctgagtatctggctcctgaggtcctccataagcagccgtatgaccggacggtggact 
ggtggtgtcttggggctgtcctgtatgagatgctctacggcctgcccccgttttatagccggaacacggctgagatgtacgacaatattctgaacaagcct 

30 ctccagttgaaaccaaatattacaaactcggcaaggcacctcctggaaggcctcctgcagaaggaccggaccaagaggctgggtgccaaggatgact 
ttatggagattaagagtcatatmcttctctttaattaactgggatgatctcatcaataagaagattacacccccatttaacccaaatgtga 
accttcggcactttgatcccgagtttaccgaggagccggtccccagctccatcggcaggtcccctgacagcatccttgtcacggccagtgtgaaggaag 
cagcagaagccttcctcggcttctcctatgcacctcctgtggattccttcctctgagtgctcccgggatggttctgaaggacttcctcagcgtttcctaaagt 
gttttccttaccctttggtggaggttgccagctgacagaacattttaaaagaatttgcacacctggaagcttggcagtctcgcctgcccggcgtggcgcga 

35 cgcagcgcgcgctgcttgatgggagctttccgaagagcacaccctcctctcaatgagc^ 

tccaggcgagcgagcgtgagagtgccgcctgagacagacaccttggtctcagttagaaggaagatgcaggtctaagaggaatccccgcagtctgtct 
gagctgtgatcaagaatattctgcaatgtgccttttctgagatcgtgttagctccaaa^ 

mgtttttcccttggcggatttcccgtgtgtgcagtggcgtgagtgtgctatgcctgatcacagacggttttgttgtgagcatcaatgtgacacttgcaggac 
actacaatgtgggacattgtttgmcttccacamggaagataaatttatgtgtagac^ 
40 gcaatgacgagcattcagatgcttaaggaaagcattgctgctacaaatamctatttta^ 

ccgttggtgtmcattgtttaaaatgtcaccmtaaaacgggcattatttatgtttttmcccmgttcatattct^ 

ggaagtctgtacattgggttataacactagatatttaaacttacaggcta^ 

cctcctccttaccacacaactttttttgtgtgcgataaaccaattttggtttgcaataaaatcttgaaacct 

45 SEQ IDNo. SEOIDNO: 12 | 

MTVKAEAARSTLTYSRMRGMVAILIAFMKQRRMGL^ 

QEPELMNANPSPPPSPSQQINLGPSSNPHAKPSDFHFLKVIGKGSFGKVLLARHKAEEVFYAVKV 
LQKKAILKKKEEKHIMSERNVLLKNVKHPFLVGLHFSFQTADKLYFVLDYINGGELFYHLQRER 
50 CFLEPRARFYAAE1ASALGYLHSLNIVYRDLKPENILLDSQGHIVLTDFGLCKENIEHNGTTSTFC 
GTPEYLAPEVLHKQPYDRTVDWWCLGAVLYEMLYGLPPFYSRNTAEMYDNILNKPLQLKPNIT 
NSARHLLEGLLQKDRTKRLGAKDDFMEIKSHIFFSLINWDDLmKKITPPFNPNVSGPSDLRHF 
EFTEEPVPSSIGRSPDSILVTASVKEAAEAFLGFSYAPPVDSFL 



55 



SEQ IDNo. SEO IDNO: 13 
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gcagggcgggtgagagcgccgtgaaagccgcggaacgccgtgcacctccgcgactctactacggcaagctagtccggacgggtcgtcgtccccgc 
gcgccaccagcccttggtgaaacgacagggagcgtccggcttccccagcaccgccctgcgagactcaaaacagccacaccgcaaagcgagcctcg 
ggcggaaggaggcggagcttcaggcggccccgcctccgcggaaggatacacatctccgtggtccaaaaccccggggcgaggcggccggggcgt 
gtgagctgctcggccagctgccgtctacgcgctttcgcgcggccaccgggcaactgcgccgcgcggctgccccgctgagcgctcggcctcggggc 
5 cgtgggatccgccgcgctgtctgcggtcaggaagaccgccctcccgcgtccttgccggacgggtcagaggcggcaccgcacgcgaggccacccg 
cgatgctgctgtccaagttcggctccctggcgcacctctgcgggcctggcggcgtggaccacctcccagtgaagatcctacagccagccaaggctga 
caaggagagcttcgagaaggtgtaccaggtgggcgccgtgctgggcagcggcggcttcggcacggtctacgcgggcagccgcatcgccgacgga 
ctcccggtggctgtgaagcacgtggtgaaggagcgggtgaccgagtggggcagtctcggcggagtggccgtgcccctggaggtggtg^ 
caaggtgggcgcggcgggcggcgcgcgcggcgtcatccgcttgct^ 
10 gccggcacaggacctcttcgacttcatcactgaacgaggcgccctggacgagccgctggcgcgtcgcttcttcgcgcaggtgcttgccgctgtgcggc 
actgccacaattgtggggtcgtgcaccgcgacatcaaggacgagaacctgctggtggacctgcgctcgggagagctgaagctcatcgacttcggctc 
gggcgcggtgctcaaggacacggtctacactgactttgatggcacccgtgtgtacagccccccagagtggatccgatatcaccgatatcacgggcggt 
ctgccactgtgtggtctctgggtgtactgctcta^^ 

ggaggagggtctccccagagtgccagcagcttattgagtggtgtctctccctgaggccctcagagaggccctccctggaccaaattgctgcccacccc 
15 tggatgctggggacagaggggagcgttccagagaactgtgaccttcggctttgtgccctggatactgacgacggagccagtaccacttccagcagtga 
gagcttgtgaggaggagaaggggcctgggctcggcctagccagcgctctcccagaattgaacactttctgcctgggatgtctgctgcaaaagcagtga 
cctctgacccctggtgaccmgctctcggcaccgggcctgtttcctttgctttgagtgcctttttgaacgctgctccacagggcctgggttttcttgagctctt 
ctgtccaaagatggctgagggctaagcaaggtcctgccctgggtggatacttgaaccagagatcccgaccctgctgctccatctcaggaggcagcctt 
cctgaccaagtgtgmgacatggagcgccctgtggtgcccacctccaaccctccagtctcctggtgttcatctgggcatgtctgcacaagc 
20 gctgggccactgctgcccg^ctgcctccccggcacggcacggctccgcacgcaacctaagcgtgccaccacggtctcttatttatggtgtga 
ggagggcgcccccgccctgctggggctatttattgtttaam 

aatgtggctgttgagtccacagacccccatcctaattcctgcacctggaggagttccccaacccccgtgtttgcgggaggaagcatttgtacagtggcta 
atttaaggggagtgggagaccctgtcaccctgagcactctgcgctggggaggggtttaaattattgaccttgtacagtctgcttgctggctctgaaagctg 
gggttgggggacagagtctcaagcccttaamattttagcagctgtgmctgtgaccrt^ 
2 5 agtgtgaaatgtctgaagatcatotttmatacaggtamcaatt 

SEP ID No. SE01PNO: 14 | 

MLLSKFGSLAHLCGPGGVDHLPVKILQPAKADKESFEKVYQVGAVLGSGGFGTVYAGSRIADG 
30 LPVAVKHVVKERVTEWGSLGGVAVPLEVVLLRKVGAAGGARGVIRLLDWFERPDGFLLVLER 
PEPAQDLFDFITERGALDEPLARRFFAQVLAAVRHCHNCGWHRDIKDENLLVDLRSGELKLID 
FGSGAVLKDTVYTDFDGTRVYSPPEWIRYHRYHGRSATVWSLGVLLYDMVCGDIPFEQDEEIL 
RGRLFFRRRVSPECQQLIEWCLSLRPSERPSLDQIAAHPWMLGTEGSVPENCDLRLCALDTDDG 
ASTTSSSESL 

35 

SEOIDNo. SEQ!DNO: 15 | 

cctgggccccgccgcggacgcgcggagccgcctgggccgcgccggaggagggcggggagaggaccatgtgaatgtgctccggagctgagcgc 
caagccaagcagtgmgaaaggaacaggatgctgatctaatcgtggcaaaaagtcagtccgaccgctggmcgaagacatgtggtgte 

40 gtgatagttggtggaaatttgggagcttggataatgggctgtgtgcaatgtaaggataaagaagcagcgaaactgacagaggagagggacggcagcc 
tgaaccagagctctgggtaccgctatggcacagaccccacccctcagcactaccccagcttcggcgtgacctccatcccgaactacaacaacttccac 
gcagctgggggccagggactcaccgtctttgggggtgtgaactcctcctctcacactgggaccctacgcacgagaggagggacaggagtgacactg 
mgtggcgctttatgactatgaagcacggacggaagatgacctgagtmcacaaaggagaaaaamcaaatattgaacagctcggaaggagattggtg 
ggaagcccgctccttgacaaccggggaaactggttacattcccagcaattacgtggctccagttgactccatccaggcagaagagtggtactttggaaa 

45 acttggccgcaaagatgctgagagacagctcctgtcctttggaaacccaagaggtacctttcttatccgcgagagccaaaccaccaaaggtgcctactc 
acmccatccgtgattgggatgatatgaaaggggaccacgtcaaacattataaaatccgcaagcttgacaatggtggatactatatcacaacgcgggcc 
cagmgaaacacttcagcaactggtacagcattactcagagaaagctgatggtttgtgttttaacttaactgtggmcatcaagttg^ 
ggattggctaaagatgcttgggaagttgcacgtgactcgttgmctggagaagaagctggggcaggggtgmcgctgaagtgtggcttggtacctgga 
atggaaatacaaaagtagccataaagacccttaagccaggcaccatgtctccggagtccttcctggaggaggcgcagatcatgaagaagctgaagcat 

50 gacaagctggtgcagctcmcgcggtcgtgtctgaggagcccatttacatcgtcacggagtacatgagcaaaggaagtttgcttgacttcttaaaagatg 
gtgaaggaagagctctgaagttgccaaaccttgtggacatggcggcacaggttgctgcaggaatggcttacatcgagcgcatgaattatatccacagag 
atctgcgatcagcaaacattctagtggggaatggactaatttgcaagattgctgactttggattggctcggttgattgaagacaatgaatacacagcaaga 
caaggtgcgaagmcccattaagtggacagcccccgaagcggccctgtatggaaggttcacaatcaagtctgacgtatggtctmggaatcttac 
agagctggtcaccaaaggaagagtgccatacccaggcatgaacaaccgggaggtgctggagcaggtggagagaggctataggatgccctgcccac 

55 aggactgcccgatctccctgcacgagctcatgatccactgctggaaaaaggatccggaagagcgcccgaccttcgagtacttgcagggcttcctggag 
gactactttacggccacagagccccagtatcagcccggtgaaaacctgtgagagcctgcgcttcagacgcctcttcccgaggcctccctacccctc^ 
attagcttccaattctgtagccagctgccccagagcaggagaaccgtccaggatcagattgcatgtgactcttgaagctgaacttccacggccctcattaa 
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tgacacttgtcccccagtccgaacctcctctgtgaaccatctgagacagaagcgtgtmtttctcagacttggaaatgcattgtatcgatgttatgtcaaagg 

ccaaacctctgttcagtgtaaatagctgctcctgtgccaacaatcccagtgcmccttttttaaaaaagaaaaagcaaatccto^ 

acctgattcaac taaaaaaaaaaaag tflttatfficcaaaagtg^ 

aaaaa 

5 

SEP iDNo. SEOIDNO: 16 | 

MGCVQCKDKEAAKLTEERDGSLNQSSGYRYGTDPTPQHYPSFGVTSIPNYNNFHAAGGQGLTV 
FGGVNSSSHTGTLRTRGGTGVTLFVALYDYEARTEDDLSFHKGEKFQILNSSEGDWWEARSLT 

10 TGETGYIPSNYVAPVDSIQAEEWYFGKLGRKDAERQLLSFGNPRGTFLIRESQTTKGAYSLSIRD 
WDDMKGDHVKHYKIRKLDNGGYYITTRAQFETLQQLVQHYSEKADGLCF^LTVVSSSCTPQT 
SGLAKDAWEVARDSLFLEKKLGQGCFAEVWLGTWNGNTKVAIKTLKPGTMSPESFLEEAQIM 
KKLKHDKLVQLYAWSEEPIYIVTEYMSKGSLLDFLKJ)GEGRALKLPNLVDMAAQVAAGMAY 
IERMNYIHRDLRSANILVGNGLICKIADFGLARLIEDNEYTARQGAKFPIKWTAPEAALYGRFTI 

15 KSDVWSFGILLTELVTKGRVPYPGMNNREVLEQVERGYRMPCPQDCPISLHELMIHCWKKDPE 
ERPTFEYLQGFLEDYFTATEPQYQPGENL 

SEP ID No. SEO ID NQ: 17 | 

20 ggacgtcagactagagagtagggagagagactggtgctcgagggacagggctagcccggacgcgtgtccgcgcctcggaggtggcaagtaggca 
gtgtcgggtggcgaggcaacgatggagctcctgcggactatcacctaccagccggccgccggcaccaagatgtgcgagcaggctctgggcaaagc 
ttgcggcggggactcaaagaagaagcgaccacagcagccttctgaagatgggcagccccaagcccaggtgaccccggcggccccgcaccaccat 
caccaccattcccactcgggacccgagatctcgcggattatagtcgaccccacgacggggaagcgctactgccggggcaaagtgctgggcaagggt 
ggamgcaaagtgttacgaaatgacagatctgacaaacaacaaagtctacgctgcaaaaattattcctcacagcagagtagctaa^cctcatc 

25 aaaagatcgacaaagaaatcgagcttcacagactactgcaccataagcatgtcg^gcagttttaccacmcmgaagacaaagaa^catttacattctct 
tggaatactgcagtagaaggtccatggctcacatcttgaaagcaagaaaggtgttgacagagccagaagtccgatactacctcaggcagattgtgtcag 
gactcaagtatcttcacgaacaagaaatcttgcacagggatctcaagctaggga 

ttggcagccagactggaaccactggaacacagaaggagaacaatatgtggaaccccaaattatctctcccccgaagtcctcaacaaacaaggacacg 
gctgtgaatcagacatctgggccttaggctgtgtaatgtatacgatgctgctaggaagacctccattcgaaaccacaaatctgaaagaaacgtacaggtg 

30 cataagggaagcaaggtataccatgccgtcctcattgctggcccctgctaagcacttgatagctagcatgctgtcca^aaaccc 

g^ggatgacatcattcggcatgacttcttcctgcagggtttcactccggacagactctcttccagctgttgccacacagttccagatttccacttgtcaagc 
ccagccaagaamctttaagaaagccgcagccgctcttmggtggcaagaaggacaaagcaagatataacgacacacacaataaggt^ 
gatgaagacatttacaagcttcggcatgatttgaagaaagtgtcgataacccagcagcctagcaaacacagagcagacgaggagccccagccgcctc 
ccactactgttgccagatctggaacgtccgcagtggaaaacaaacagcagattggggatgcaatccggatgatagtcagggggactctcggcagctg 

35 cagcagcagcagcgaatgccttgaagacagcaccatgggaagtgttgcagacacagtggcaagagtccttcgaggatgtctagaaaacatgccgga 
agctgactgtatccccaaagagcagctgagcacgtccmcagtgggtcaccaagtgggtcgactactccaacaaatatggctttgggtaccagctctcg 
gaccacactgttggcgtccttttcaacaacggggctcacatgagcctccttccggacaaaaagacagttcactattatgcggaacttggccaatgctctgtt 
ttcccagcaacagatgcccctgaacaatttattagtcaagtgacggtgctgaa^ 

cgagtgttactgacattcgaagacctcggctctacctcctgcagtggttaaagtctgata^gccttaatgatgctcttcaatgacggcaca^ 
40 tUctaccacgatcatacaaaaatcatcatctgtaaccagagtgaagaataccttctcacctacatcaatgaggacaggatctctacaactttcagactgacg 
actctgctgatgtctggctgttcgttagaattgaaaaatcgaatggaatatgccctgaacatgctcttacagagatgtaactgaaaacattato 
ataattatttcgagcggacctcatgggactcttttccactgtgagatcaacagggaagccagcggaaagatacagagcatgttagagaagtcggacagg 
tggtggtacgaatacaattcctctgtggcctgctggactgctggaaccagaccagcctaaggtg^agagttgactttggacaatcctgagtgtggagccg 
agtgcagtmccctgagatacctgtcgtgaaaaggtttatggga 
45 gaagacttggaactgtgaatocacttcctgaaggggagggagaagggaggttgctcccttgctgtttaaaggctacaatcagagcagctmggctgctt 
aactgtgaactatggccatacattttttttttmggttattmgaatacacttgtggttggaaaagtgcattccttgtta^ 
agcagtamattatcaagatgttctctttttttatgttgaccatttcaaactcttggcaataaagagtatgacatagaaaaaaaaaaaaaaaaaaaaaaaaa 

SEP ID NO. SEO 1DNP: 18 I 

50 

MELLRTITYQPAAGTKMCEQALGKACGGDSKKKRPQQPSEDGQPQAQVTPAAPHHHHHHSHS 
GPEISRIIVDPTTGKRYCRGKVLGKGGFAKCYEMTDLTNNKVYAAKIIPHSRVAKPHQREKIDK 
EIELHRLLHHKHWQFYHYFEDKENIYILLEYCSRRSMAHILKARKVLTEPEVRYYLRQIVSGLK 
YLHEQEILHRDLKLGNFIINEAMELKVGDFGLAARLEPLEHRRRTICGTPNYLSPEVLNKQGHGC 
55 ESDIWALGCVMYTMLLGRPPFETTNLKETYRCIREARYTMPSSLLAPAKHLIASMLSKNPEDRPS 
LDDIIRHDFFLQGFTPDRLSSSCCHWPDFHLSSPAKNFFKXAAAALFGGKKDKARYNDTHNKV 
SKEDEDIYKLRHDLKKVSITQQPSKHRADEEPQPPPTTVARSGTSAVENKQQIGDAIRMIVRGTL 
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GSCSSSSECLEDSTMGSVADTVi^VLRGCLENMPEADCIPKEQLSTSFQWVTKWVDYSNKYGF 
GYQLSDHTVGVLFNNGAHMSLLPDKKTVHYYAELGQCSVFPATDAPEQFISQVTVLKYFSHYM 
EENLMDGGDLPSVTDIRRPRLYLLQWLKSDKALMMLFTSfDGTFQVNFYHDHra 
TYINEDRISTTFRLTTLLMSGCSLELKNRMEYALNMLLQRCN 

5 

SEQ 1DNo. SEQ1DNO: 19 

aacttagctggactgcagccttctccgctggaactcgccaagccagctgatttccccatccaaagccatgaagagcggcgtatgtctgtgcgtggtgatg 
gcagtcctagctgctggcgccctggcgcagccggtagtccctgcagaagctacggaccccgtggagcagcgggcgcaagaggcgccccgaaggc 
10 agctgcgggctgtgctccggacggacggcgagccccgagcgcgcctgggcgcactgctagcgcgatacatccagcaggtccgcaaagctccttct 
ggccgcatgtccgttcttaagaacctgcagagcctggaccccagccatagaataagtgaccgggactacatgggctggatggatmggccggcgca^ 
tgccgaggactacgaatacccatcgtagtgggccagcgtcttggccctgcttggaggaggtggaatgaggaaacaaccacacatacgacccctcgcc 
tctaatgtctgacgtmgagtatctatttettaagtccccaatgtgaaatctg^ccagagtgtgcaatgcagccacatctcagcctagctgtgt^ 
gcagtgtttccttcagtgactcccagacctaatgttgctatgctattaaagagatttccttctgcccccc • 

15 

SEQlDNo. SEOIDNO: 20 

MKSGVCLCVVMAVLAAGALAQPVVPAEATDPVEQRAQEAPRRQLRAVLRTDGEPRARLGALL 
ARYIQQVRKAPSGRMSVLKNLQSLDPSHRISDRDYMGWMDFGRRSAEDYEYPS 

20 

SEQ TDNo. SEQIDNO: 21 

cttggtgacactagacagagcaactccagcgttaccgctcccgctcctggtttctcggcttctcatcgcagtcaatcttggactttggggttttgctactgtca 
gaaggacttctttctgcttcaagtgcttgacaacgcacccctttatcagggtatcagagcatcgccacagaatgaagctggtttccatcaccctgatgttatt 

25 gggttcactcgctttcctaggcgcggacactgcagggccagatactccttcgcagttccgaaagaagtggaataagtgggcgctaagtcgtgggaaga 
gggaactacaagcatccagcagctaccctacgggactcgctgatgagacgacagttcctacccagactcttgatccattcctggacgagcagaacaca 
actggccccctacaagccagcaatcagagcgaagcccacattcgtgtcaaacgctaccgccagagcatgaaccagggttcccgcagcaatggatgc 
cgcttcgggacctgcacatttcagaaattggcccaccagatctaccagctaacagacaaagacaaggacggcatggctcccagaaacaagatcagcc 
ctcaaggctatggccgccggcgccggcgttccctgctggaggtcctccggtcccggactgtggagtcctcccaggagcagacacacacagccccag 

30 gcccctgggcgcacatctccagactctttaggatataggtgcgggtgacagcattgaacagtcgggcgagtatcccgttggcgcctgcggaatcagag 
aacttcgcaccggggcggactgagacaatcctgcagagatctgcctggctgcccctaggggaggcagaggaacccaagaccaagccaggctcatg 
ccagaaaccgagacttacaggctgatactctccgggcaggggtctgagccactgccttgcccgctcataaactggtttctcacggggcataagcctcatt 
actacttgaacmccaaaacctagcgaggaacgtgcaatgcttgttgto^ 
acttcaaatatatagagatattmgtacgttatatattgtattaagggcattttaaagtgattatattgt^ 

35 gtgtaaggttgmggttccgtgtgtgtgtgtgtgtgjgtgt^^ 

cattgtgWcctataatctatttacataaaatatgtgatctgggaaaaagcaaaccaataaactgtctcaatgctg 

SEQ IDNo. SEO 1DN0: 22 

40 MKLVSITLMLLGSLAFLGADTAGPDTPSQFRKKWNKWALSRGKRELQASSSYPTGLADETTVP 
TQTLDPFLDEQNTTGPLQASNQSEAHIRVKRYRQSMNQGSRSNGCRFGTCTFQKLAHQIYQLTD 
KDKDGMAPRNKISPQGYGRRRRRSLLEVLRSRTVESSQEQTHTAPGPWAHISRLFRI 

SEQ IDNo. SEO ID NQ: 23 

45 

tcgagcggccgcccgggcaggtccaggatcaagagtcaccgcttcgcaagcactgcctggctccatcaggatccccgcaggctcagctccaaggca 
ccgctcaccaggaaggcatcatgggcttcctgaagttctccccmcctggttgtcagcatcttgctcctgtaccaggcatgcagcctccaggcagtgcctt 
tgaggtcaatcttggaaagcagcccaggcatggccactctcagtgaagaagaagttcgcctgctggctgcactggtgcaggactatatgcagatgaaa 
gccagggagctggagcaggaggaagagcaggaggctgagggctctagcttggacagccccagatctaagcggtgtgggaatctgagtacctgcat 
50 gctgggcacgtacacacaagacctcaacaag^cacaccttcccccaaacttcaattggggttgaagcacctggcaagaaaagggatgtggccaagg 
acttggagacaaaccaccaatcccatmggcaactaagctccttctctccmcto^ 

tgctctccaggctattactggttgcmcctgaggcaaagaatggtatctgaaatccccagtgggtgaggagaaagtcccacaggctaaaagagaatcac 
ccaggaagatggcagagagcaagggcacactcaggaagatggcagagagcaagggcagtcatctggcttcctagtagagcttctagtcttgcttctgg 
aagtgttggttgtttgggaaataaaactattttttaaaaaaaaaaaaaaaaaaa 

55 

SEQ IDNo. SEO ID NO: 24 
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MGFLKPSPFLWSILLLYQACSLQAWLRSILESSPGMATLSEEEVRLLAALVQDYMQMKAREL 
EQEEEQEAEGSSLDSPRSKRCGNLSTCMLGTYTQDLNKFHTFPQTSIGVEAPGKKRDVAKDLET 
NHQSHFGN 

5 SEP ID No. SEP IDNO: 25 | 
. aaaggcagcctgataaagctccttgtgacaggctgtcttgccagtrt^^ 

aattagcctgggaagagtgtgcggacccagcagccttttaacccgcgtcagtgccmgctatgttcaagactgctgtmggatggtgaatgct 
actccatcgagacatgacagcaaaaaaUctccaaaagaattmctgcUcggaatctgaggtUgcataaagactttcaaggagcagatgcgcttggaac 

10 ttgagcttccaaagctaccaggaaacagacctacatctcccaaaamctccacgcagttcaccaaggaattcaccatgctttttcagaaagttgctggtga 
ataaaagcatccgacagcggcgtcgcttcacggtggctcatacatgctttgatgtggaaaatggcccttctccaggtcggagcccactggaccctcaag 
ccggctcttcgtcgggactggtacttcatgccgcctttcctgggcacagccagcgcagggagtcgttcctctacgatcttgacagcgactatgacttgtca 
ccaaaagcgatgtccaggaactcatcacttcccagtgagcaacacggcgatgacctgattgtcactccttttgcccaggttcttgccagcttgcgaagtgt 
aagaaacaacttcaccctgctgacgaaccttcatggagcgccgaacaagaggtcaccagcggctagtcaggctccagtctccagagtcagcctgcaa 

15 gaggaatcatatcagaaactagcaatggagacgctggaggaactagactggtgcctagaccagctagagaccatccagacctaccgctctgtcagcg 
agatggcttcaaacaagttcaaaaggatgctgaaccgggagctgacacacctctcagagatgagcagatcagggaaccaggtgtctgagtacatttca 
aacacgttcttagacaagcagaacgatgtggaaatcccatctcccacgcagaaggacagggagaagaagaagaagcagcagctcatgacccagata 
agtggagtgaagaaactgatgcacagctcaagcctgaacaacacaagcatctcacgcttcgggatcaacacggaaaatgaggatcatctagccaagg 
agctggaagacctgaacaaatggggccttaacatcttcaatg^ggctggg^ctcacataatcggccccttacgtgcatcatgtatgcaatattccag 

20 agagaccttctgaagacgtttaaaatctcatctgacacctttgtaacctacatgatgactttagaagaccattaccattctgatgtggcatatcacaacag 

gcatgctgctgacgtggcccagtcaactcacgttctcctttctacgccggcactggatgctgtcttcacagacctggaaatcctggctgccatttttgcagc 
tgccatccatgatgtcgatcatcctggagtctccaatcagmctcatcaatacaaattctgaacttgctttgatgtataatgatgaatctgttctggaaaaccat 
caccttgctgtgggattcaaattgctacaagaggaacactgcgacatcmcagaatcttaccaagaagcaacgccagacactcaggaaaatggtgatt^ 
acatggtgttggcaactgatatgtccaaacacatgagcctcctggcagaccttaaaacaatggtagaaaccaagaaggtgacaagctccggtgttctcct 

25 cctggacaactatactgaccggatacaggttcttcgcaacatggtacactgtgcagacctgagcaaccccaccaagtccttggaattgtatcggcaatgg 
accgatcgtatcatggaggagtttttccagcagggagacaaagaacgggagaggggaatggagattagcccaatgtgtgataagcacacagcttctgt 
ggaaaaatcccaggttggtttcattgactacattgtccatccactgtgggagacctgggcagacctggttcaaccggatgctcaagatattctggatacac 
tagaagataacaggaactggtaccagagtatgataccccagagcccttccccgccactggatgagaggagcagggactgccaaggcctgatggaga 
agtttcagtttgaactgacccttgaggaagaggattctgagggaccggaaaaggagggagaaggccacagctatttcagcagcacaaagacgctttgt 

30 gtgattgatccagagaacagggattctctggaagagactgacatagacattgcaacagaagacaagtctccgatcgacacataatctctctccctctgtgt 
ggagatgaacattccacccttgactgagcatgcccgctgagtggtagggtcacctaccatggccaaggcctgcacaggacaaaggccacctggccttt 
ccagttacttgagtttggagccagaatgccaggccgtgaagcaaatagcagttccatgctgtcttgccttgcctgcaagcttggcggagacccgcagct 
gtatgtggtagtagaggccagttcccatcaaagctaaaatggcttgaaaacagaggacacaaagctgagagattgctctgcactaggtgttgggaagct 
gtcctgacagatgactgaactcactaacaacttcatctataaatctcaccaccc^ 

3 5 mgaaatgcctgttgaatatctagagfflagteccaacttctacaaactttfflgagtcmcttgaaaaacaaaaaaa 
aaaaaa 

SEP lDNo. SEPIDNO: 26 | 

40 MTAKNSPKEFTASESEVCIKTFKEQMRLELELPKLPGNRPTSPKISPRSSPRNSPCFFRKLLVNKSI 
RQRRRFTVAHTCFDVENGPSPGRSPLDPQAGSSSGLVLHAAFPGHSQRRESFLYDLDSDYDLSP 
KAMSRNSSLPSEQHGDDLIVTPFAQVLASLRSVRNNFTLLTNLHGAPNKRSPAASQAPVSRVSL 
QEESYQKLAMETLEELDWCLDQLETIQTYRSVSEMASNKFKRMLNRELTHLSEMSRSGNQVSE 
YISNTFLDKQNDVEIPSPTQKDREKKKKQQLMTQISGVKKLMHSSSLNNTSISRFGINTENEDHL 

45 AKELEDLNKWGLNIFNVAGYSHNRPLTCIMYAIFQERDLLKTFKISSDTFVTYMMTLEDHYHSD 
VAYHNSLHAADVAQSTHVLLSTPALDAVFTDLEILAAIFAAAIHDVDHPGVSNQFLINTNSELAL 
MYNDESVLENHHLAVGFKLLQEEHCDIFQNLTKXQRQTLRKMVIDN1VLATDMSKHMSLLADL 
KTMVETKKVTSSGVLLLDNYTDRIQVLRNMVHCADLSNPTKSLELYRQWTDRIMEEFFQQGD 
KERERGMEISPMCDKHTASVEKSQVGFIDYIVHPLWETWADLVQPDAQDILDTLEDNRNWYQS 

50 MIPQSPSPPLDERSRDCQGLMEKFQFELTLEEEDSEGPEKEGEGHSYFSSTKTLCVIDPENRDSLE 
ETDIDIATEDKSPIDT 

SEPIDNo. SEPIDNO: 27 | 

55 ggccgcgcgggagtctgagaatgcaaagtgccatgttcctggctgtccagcacgactgcgtacccatggacaagagtgcaggcaacggccccaagg 
tcgaggagaagcgggagaaaatgaagcggacactcttaaaccattggaagacccgtttgagctacttcttgcagaattcctctgctcctgggaagccca 
aaactggcaagaaaagcaaacagcaaactttmtcaagccttctcctgaggaagcgcacgtctgggcagaagcamgatgaactgctggccagtaa^ 
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atgggctggctgcattcagggcgtttttaaagtccgagttctgtgaagaa^ 

aaaaactgtcctcaaaagcaaggaaaatctataccgacttcatagagaaggaagctcccaaagagataaacatagacttccaaacgaaatctctgattgc 
ccaaaatatccaagaggctacaagtggctgcttcaccacagctcagaagagggtgto^ 

aattctaccaggacttatgtaaaaagccacagatcaccacggagccccatgctacatgagaccaggagtccccccacacacaaaggacattccattctg 
5 tctcccaagagcaaaggctgtgacctgccagaaaaaaaaaaaaaactgaccttgaattcagcctgagtgttaggaaaacatcgctcagaactattga 
aatgttgggtagtgaatcaggaagtcagcaacctaggagaggctctgtgtgagaacggcttccctcactgtgtgaagaacagagggagggaacaggc 
ctctgaatgtgttcttcctccttgtcgggaaagcagagmgagatgaaagatccgatgc^ 
ggccttagctagttggctgtacaccttccctaaactagtccatgttacacata^ 
tgtgtgcaagggtgttgacgttcttaggactacagatcattagta^ 
1 0 gatggaccgaatgctgtgccgtgctgtagaa 



SEP ID No. SEO ID NQ: 28 

MQSAMFLAVQHDCVPMDKSAGNGPKVEEKREKMKRTLLNHWKTRLSYFLQNSSAPGKPKTG 
15 KKSKQQTFIKPSPEEAHVWAEAFDELLASKYGLAAFRAFLKSEFCEENIEFWLACEDFKKTKSP 
QKLSSKARKIYTDFIEKEAPKEINIDFQTKSLIAQNIQEATSGCFTTAQKRVYSLMENNSYPRFLE 
SEFYQDLCKKPQITTEPHAT 



20 



SEO IP No. SEO ID NO: 29 



aaaaagtatatgaggacaaatgtaaggcaaatgaccatggaaacagttgaatcacagcaggatcgaagtgtaacacgttctgtggcagagcatagctct 
gctcamtgcagactggtcaaamctgttccmctctagctcaggtagcaacaattgcagagacagatgattctgcagactcagaagtaattgattcgcata 
aacgtagagaaattcmcacgaagaccctcatatagaaaaatectgaatgaacmcctctga 

aggaagaagggacaccacctaacattgctaccatggcagtaccaactagcatatatcagactagcacggggcaatacaatgaggagactgaccttgcc 
25 ccaagtcacatggctgctgccacaggtgacatgccaacttaccagatccgagctcctactactgctttgccacaaggtgtggtgatggctgcctcaccag 
gaagcctgcacagtccccagcaactagcagaagaagcaactcgcaagcgggagctgaggctgatgaaaaacagggaagctgcccgggagtgtcg 
caggaagaagaaagaatatgtcaaatgtcttgaaaatcgtgtggctgtgcttga 
cctttattgccataaagca'gagtaactgtgtttgamggaccttgttg^ 

acttgtagatgggtctcttaacccttgcttaagaatacagtctgctgtagagtgtgaattgggaatactgttccatgggttggaatgcagctcccctcacato 
30 ccaagcttgctctattgccaatagcatgcaacatatgtmgmgcccttctgcttctactttmcagggaagctgctaaagaatgtcgacgtcga^ 

agtatgtgaagtgtcttgagagtcgagtcgcagtgctggaagttcagaacaagaagcttatagaggagcttgaaactttgaaagacatttgctctcccaaa 
acagattagtagaaatatttaactatgaactgattacagcatgtaca^ 

atcattcatctaacmctaaaactaacattcctaagatgcmgttgtatttaamgctcttacctctaaggtcaattttt^ 

tgtaacaaattcttaaaatgaagtamgtaagacttgttccagtcaacatatttacagttcccagtctctctgtc 
35 caggttttaagaatcattttaggaaagggtgaatcaaaggcagtgcatctctccagtagtaagataaaatcaacccatagagatacctcag 

aaaggaagtgtatcctgatgacatgacgtgagaatagcctacaaatgaatttatgcatta^ 

gtccttgggtgccacagttgaagacagttttaaatagaaccatgttg^^ 

tatgtatgtegtatgtgaamctacaaaagmgtgctcmgrt^ 

attgctacactggatcagcagccttgcaaatactgggccamcattagaggacaa^ 
40 gcatgctacatgttcagttgaaagggaagacctcaagctctgcaaatggaatggggtccaggggaagaggttagaggttagcctttgtgctgtactagg 

cttcttgctgatcgtctggagagmctgctgatgaccctccattgtgaattctt^^ 

attttacaacttggatcaatmgtmgctcmggaamtagctgtgtacamgtcacgtaggmaggctggccttaaactcacagttctctt 
tgagtgcttggattacggatgtgggccagaatatccagtttgatcaagtattcttttataaaatattactttcttttt 

45 SEQ ID No. SEO ID NO: 30 



MTMETVESQQDRSVTRSVAEHSSAHMQTGQISVPTLAQVATIAETDDSADSEVIDSHKRREILS 
RRPSYRKILNELSSDVPGIPKIEEEKSEEEGTPPNIATMAVPTSIYQTSTGQYNEETDLAPSHMAA 
ATGDMPTYQIRAPTTALPQGVVMAASPGSLHSPQQLAEEATRK^ 
50 EYVKCLENRVAVLENQNKTLIEELKALKDLYCHKAE 

SEO ID No. SEO ID NO: 31 | 



gctgaagcgtttcctcaagcctgccggggtgggaggagaggaggaggtggtggtggtggaggaggtggaggcagagggtggagagagagaaag 
55 cgcacgccgagaggaggtgtgggtgttccgctcccatcctaacggaacgagctccctcttcgcggacatgggattgcccagcggctgctaacccctct 
cctggtcctgatcccccaaaccggcgtggctccccggtcaccaaggagctgattacaagggaccaggatttgcatccttggctgggcgtccattggcta 
cagagtgcctgacctgggtcaggcmccaacacggacatgtctgacaa^ 
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ctacgaatggatttatcagcaccttaggcttggttgatgaccgttgtgttgtacagccagaagccggggaccttaacaatccacccaagaaattcagaga 
ctgcctctttaagctatgtcctatgaatcgatactccgcacagaaacagttctggaaagctgctaagcccggggccaacagcactacagatgcagt^ 
ctcaacaaattgcatcatgctgcagacttggaaaagaagcagaatgagacagaaaacaggaaattgttggggaccgtcatccaatatggcaacgtgatc 
cagctcctgcatttgaaaagcaataaatacctgactgtgaataagaggctcccagccttgctagagaagaatgccatgagggtgacgttggacgaggct 
5 ggaaatgaagggtcctggttttacattcaaccatmacaagcttcgctccatc^ 

gctggccagcctcmcatgccagcagtcatcagctggtggataacccaggctgcaatgaggtcaactccgtcaactgtaatacaagctggaagatagtg 
cttttcatgaaatggagtgataacaaagacgacattctcaaaggaggtgatgtggtgaggctcttccatgccgagcaagagaag^ 
gcaccggaagaagcagcatgtgttcctgaggaccaccggcaggcagtcagccacgtcggccaccagttctaaagccctgtgggaagtggaggtagt 
ccagcacgacccatgtcggggtggagctgggtactggaatagcctcttccggttcaagcacctggctacagggcattacttggctgcagaggtagacc 
10 ctgactttgaggaagaatgcctggagtttcagccctcagtggaccctgatcaggatgcatctcggagtaggttgagaaacgcgcaagaaaaaatggtat 
actctctggtctccgtgcctgaaggcaacgacatctcctccatctttgagctagaccccacgactctgcgtggaggtgacagccttgtcccaaggaactc 
ctatgtccgtctcagacacctgtgcaccaacacctgggtacacagcacaaacatccccatcgacaaggaagaggagaagcctgtgatgctgaaaattg 
gtacctctcccctgaaggaggacaaggaagcamgccatagttcct^ 

gctgggctccatcgctgggaagttggaaaagggcaccatcacccagaatgagagaaggtctgtcacgaagctmggaagacttggttta 
15 ggtggaactaactctggccaagacgtgcttgaagttgtcttctctaagcccaatcgagagcggcagaagctgatgagggaacagaatattctcaagcag 
atcttcaagctgttgcaggcccccttcacggactgcggggatggcccgatgcttcggctggaggagctgggggatcagcgccatgctcctttcagacat 
amgccgactctgctacagggtcctgcgacactcacagcaagactacaggaagaaccaggagtacatagccaagcagmggcttcatgcagaag 
gattggctatgacgtgctggccgaagacaccatcactgccctgctccacaacaaccggaaactcctggagaagcacatcaccgcggcagagattgac 
acgtttgtcagcctggtgcgaaagaacagggagcccaggttcttggattacctctctgacctctgcgtatccatgaacaagtcaatccctgtgacacagg 
20 agctcatctgtaaagctgtgctcaatcccaccaatgctgacatcctgattgagaccaagctggttctttctcgttttgagtttgaaggcgtttccactggagag 
aatgctctggaagccggggaggatgaggaagaggtgtggctgttctggagggacagcaacaaagagatccgtagtaagagtgtccgggaattggcg 
caagatgctaaagagggacagaaggaagacagggacatcctcagctactacagatatcagctgaacctctttgcaaggatgtgtctggaccgccagta 
cctggccatcaatgaaatctccgggcagctggatgttgatctcattctccgctgcatgtctgacgagaacctcccctacgacctcagggcatcctm 
gcctcatgcttcacatgcatgtggaccgagatccccaagagcaggtgacacctgtgaaatatgcccgactgtggtcagaaattccctctgagatcgccat 
25 tgatgactatgacagcagtggaacatccaaagatgaaattaaggagaggtttgcacagacgatggagtttgtggaggagtacctaagagatgtggtttgt 
caaagattccccttctctgataaggagaaaaataagctcacgmgaggttgtgaactta^ 

ctccgattaaccaagatcctcttggcaatcttagactgtgtccatgtgaccactatcttccccattagcaagatgacaaaaggagaagagaataaaggcag 
taacgtgatgaggtctatccatggcgttggggagctgatgacccaggtggtgctgcggggaggaggcttcttgcccatgactcccatggctgcggccc 
ctgaaggaaatg^gaagcaggcagagccagagaaagaggacatcatggtcatggacaccaagttgaagatcattgaaamctccagtttattttgaatgt 

30 gagattggattataggatctcctgcctcctgtgtatatttaagcgagagtttgatgaaagcaattcccagtcatcagaaacatcctccggaaacagcagcca 
ggaagggccaagtaatgtgccaggtgctcttgactttgaacacattgaagaacaagcggaaggcatctttggaggaagtgaggagaacacacctttgg 
acctggatgaccatggtggcagaaccttcctcagggtcctgctccacttgacaatgcatgactacccacccctggtgtctggggccctgcagctcctcttt 
cggcacttcagccagaggcaggagg^ccttcaggccttcaaacaggttcaactgctggttactagccaagatgtggacaactacaaacagatcaagca 
agacttggaccaactaaggtccattgtggagaagtctgagctctgggtgtacaaaggccaaggtcccgatgagcctatggacggagcctccggtgaaa 

35 atgagcataagaaaaccgaggaggggacgagcaagccactgaagcacgagagcaccagcagctacaactaccgagtggtgaaagagattttgattc 
gacttagcaagctctgcgtgcaggagagcgcgtcggtgaggaagagccggaagcagcagcaacgactgctgaggaacatgggcgcacacgctgt 
ggtgctggagctgctgcagatcccctacgagaaggccgaagacacaaagatgcaagagatcatgcggctggctcatgaatttttgcagaatttctgtgc 
aggcaaccagcagaatcaagcmgctgcataaacacataaacctgtttctcaagccagggatcctggaggcagtgacgatgcagcacatcttcatgaa 
caacttccagctgtgcagtgagatcaacgagagagtggtccagcacmgttcactgcatagagacccacggtcgaaacgtccagtatatcaagtttctcc 

40 agacgattgtcaaggcagaagggaaattcattaaaaagtgccaagacatggtcatggctgagcttgtcaactctggagaggacgtcctcg^gttctacaa 
tgacagagcctctttccagactctgatccagatgatgcggtccgagcgtgaccggatggatgagaacagccctctcatgtaccacatccatctggtgga 
gctcttggccgtgtgcacagagggcaagaatgtgtacacggagatcaagtgcaactccttgctcccgctcgatgacatcgttcgtgtggtcactcatgaa 
gactgcatccccgaggttaagatcgcttacattaacttcctgaatcactgctatgtggatacggaggtggagatgaaggagatttacacaagcaaccaca 
tgtggaagttgtttgagaatttcctcgtggacatctgcagggcctgtaacaacacaagcgacaggaagcacgcagactccattctggagaagtacgtca 

45 ctgaaatcgtgatgagcatcgtcaccaccttcttcagctctcccttctcagaccagagcaccactctgcagacccgccagcctgtctttgtgcaactcctgc 
aaggcgtgttccgagtttaccactgcaactggctgatgccgagccaaaaagcctcggtggagagctgcatccgggtgctctctgacgtagccaagagc 
cgggccatagccattcctgttgacctggacagccaagtcaacaacctcttcctgaagtcccacaacattgtgcagaaaacagccctgaactggcggttat 
cagcccgaaacgccgctcgcagagactctgtactggcagcatccagagacteccgaaatatcattgagaggttacaggacatcgtgtctgccctagag 
gaccggctcaggcccctggfgcaggctgagctgtctgtgctcgtggat^^ 

50 gaaatgjgagagtggaggmcatctgcaagctaataaaacataccaagcaactgctggagga^ 

cctcagggaaatgatgaccaaagacagaggctatggagagaagcaaatttccattgatgaatcggaaaatgccgagctgccacaggcaccggaagct 
gagaactccacagagcaggagcttgaaccaagtccacccctgaggcaactggaagaccataaaaggggtgaggcactccgacaaattttggtcaacc 
gttactatggaaacatcagaccttcaggaagaagagagagcctmccagcmggcaatggcccactatcaccaggaggacccagcaagcctggtgg 
ggagggggaggtcctggatctagttccacaagcaggggtgagatgagcctggctgaggttcagtgtcacctcgacaaggagggggcctccaacctg 

55 gtcatcgatctcataatgaatgcatccagtgaccgagtattccatgaaagcattctgctggccatcgcacttctggaaggaggcaacaccaccatccagc 
actcgttmctgccggctgacagaagataagaaatcagagaagttcttcaaggttttttacgatcgaatgaaggtggcccagcaggaaatca^ 
agtgacagtgaacaccagcgacttgggaaacaaaaagaaagatgatgaagtggacagggatgccccgtctcggaagaaagccaaagagcccacaa 
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cacagataacagaagaggtccgggatcagctcctggaagcatctgctgccaccaggaaagcctttaccaccttccggagggaggccgaccctgatga 
ccattaccagtctggggagggcacccaggctacaaccgacaaagccaaggatgacctagagatgagcgctgtcatcaccatcatgcagcctatcctg 
cgcttcctgcagctgctgtgtgaaaaccacaaccgagatctgcagaamccttcgttgccaaaataataagaccaactacaatttggtgtgtgagacactg 
cagmctggactgtamgtgggagcacaaccggaggccttggtcttcttggactgtacata^ 
5 gagtctgacggagtactgtcaagggccttgccatgagaaccagaactgcatcgccacccacgagtccaatggcatcgatatcatcacagccctcatc 
caatgatatcaaccctctgggaaagaagcggatggacctggtgttagaactgaagaacaatgcttcgaagctgctactggccatcatggaaagcagac 
acgatagtgaaaatgcagagaggatcctgtacaacatgaggcccaaggagctggtggaagtgatcaagaaggcctacatgcaaggtgaagtggaatt 
tgaggatggggagaacggtgaggatggagctgcctcacccaggaacgtgggccacaacatctacatcctcgctcaccagttggctcggcataacaaa 
gaacttcaaaccatgctgaaacctggaggccaggtggatggggatgaagctctggagttctacgcgaagcacacagcacaaattgagattgtcagact 

10 ggaccggacaatggaacagatcgtcttccctgtgcccagcatctgtgaattcctgactaaggaatcgaaacttcgaatatattacaccacagagcgggat 
gagcaaggtagcaagatcaatgacttcttcctgcgctccgaggacctctttaacgagatgaactggcagaagaaacttcgagcccagcctgtcttgtact 
ggtgtgcccgaaacatgtcmctggagcagcatctccttcaacctggccgtcctgatgaacctgctggtggcgtttttctatccatttaaaggagtgaggg 
gaggaacactagagccacactggtcaggcctcctgtggacagccatgctcatctctctggccattgtcattgctctgcccaagccccacggcatccggg 
ccttaattgcttctacaatcctacgactgatattttcagttgggttgcagcccacact^ 

15 gagcmgtgggcaactgtgggaccttcaccagaggctaccgggccatggttctggatgtggagttcctctatcatttgctgtatctactcatctgtgccatg 
ggcctcttcgfacatgagttcttctatagcttgctgcttmgamagtgtacagagaggagac^ 

tccatcatcttgacagcggtcctggctctgatcctggtttacctgttctcaattgtgggctatctgttcttcaaggatgactttatcttggaagtagataggttgc 
ccaatgaaacagctgttccagaaactggcgagagmggccaacgamcctgtactctgatgtgtgcagggtagagacgggggagaactgcacctctc 
ctgcacccaaagaagagctgctccctgccgaagaaacggaacaggataaggaacacacgtgtgagaccctgctcatgtgcatcgtcactgttctgagt 

20 cacgggctgcggagtgggggaggggtaggagacgtgctcaggaagccatccaaagaggagcctctgtttgctgcaagggtgatctacgacctcctct 
tcttcttcatggtcatcatcatcgtcctgaacctgattttcggggtcatcatcgacacctttgctgacctgaggagtgagaagcaaaagaaggaggagatct 
taaaaaccacgtgcttcatctgcggcttggaaagggacaagtttgacaataagactgtcacctttgaagagcacatcaaggaagaacacaacatgtggc 
actatctgtgcttcatcgtgctggtgaaagtgaaggactccacagagtacaccgggcctgagagttacgtggcagagatgatcagggaaagaaaccttg 
attggttcctcagaatgagagccatgtccctggtcagcagcgattctgaaggggaacagaacgagctgaggaacctgcaggagaagctggagtctac 

25 catgaagctggtcaccaatctttctggccagctgtcagaactaaaggaccagatgacagaacagaggaagcagaaacaaagaatcggccttctagga 
catcctcctcacatgaatgtcaacccacagcagccggcctaggcaaatgaggcagagggactctgctcagccctctgtatatcactgtcagggtgggta 
cggctcattggttctgamgcccactaagggtacatg^gcgctmgtacamgtaaatoctcagtmgtattgtatgtatatgattgctattct 
acmcgtattgtaattagctctgttggcatggtgacttgtcactcctgccaaaaatattaaaaatgcctttmggaaggactacagaaag^ 
ttgaaccagatmtagamaaaagtatatgacatgtatmgtatttaaaactagaatagccagtatttatgtttmataa^ 

30 accataacmgtaactcctgagtgtcctaagggagtacacatcmgaagctg^ 

tgccaaaattatattaatagcgagmctggcccctgggcaatmgtaccttgtaattatcctatggtgatgctgmctcgttgctaatggca 
tatcctagtgataactccaggtctgtgaaccattcaaacagcattcatmgagaaaagcaactttagmcaaggataatmaagcttcaa^ 
aagtgmctttaagagagccatgttagaggctcacactttagcttgaaaggagttgatgaattaattttttaaagggaac 
gcatattgctgaccagtcagtgtcatctcccgggtgaatmgatgtcac 

35 tgcagtaggtaagaagttattatgcgtatatacatatatacattcatatacgacaaagfaggagrt^ 
gctgaacactgacaatggcgttcttctgaaagagccacgmgggttttamcm 
ttctctctgtcgccttgtmgtacctgggtctcgctttactagaccgtcta^ 
tttgtaaatgcatacctaaaaatatttaataaacgatgcagaatcct 

40 SEQ ID No. SEQIDNO: 32 | 

MSDKJVlSSFLHIGDICSLYAEGSTNGFISTLGLVDDRCWQPEAGDLhWPPKKFRDCLFKLCP^ 
RYSAQKQFWKAAKPGANSTTDAVLLNKLHHAADLEKKQNETENRKLLGTVIQYGNVIQLLHL 
KSNKYLTVNKRLPALLEKNAMRVTLDEAGNEGSWFYIQPFYKLRSIGDSWIGDKWLNPVNA 

45 GQPLHASSHQLVDNPGCNEVNSVNCNTSWKIVLFMKWSDNKJDDILKGGDVVRLFHAEQEKFL 
TCDEHRKKQHVFLRTTGRQSATSATSSKALWEVEVVQHDPCRGGAGYWNSLFRFKHLATGHY 
LAAEVDPDFEEECLEFQPSVDPDQDASRSRLRNAQEKMVYSLVSVPEGNDISSIFELDPTTLRGG 
DSLVPRNSYVRLRHLCTNTWVHSTNIPIDKEEEKPVMLKIGTSPLKEDKEAFAIVPVSPAEVRDL 
DFANDASKVLGSIAGKLEKGTITQNERRSVTKLLEDLVYFVTGGTNSGQDVLEWFSKPNRERQ 

50 KLMREQNILKQIFKLLQAPFTDCGDGPMLRLEELGDQRHAPFRHICRLCYRVLRHSQQDYRKN 
QEYLAKQFGFMQKQIGYDVLAEDTITALLHNNRKLLEKHIT^ 

DLCVSMNKSIPVTQELICKAVLNPTNADILIETKLVLSRFEFEGVSTGENALEAGEDEEEVWLFW 
RDSNKEIRSKSVRELAQDAKEGQKEDRDILSYYRYQLNLFARMCLDRQYLAINEISGQLDVDLI 
LRCMSDENLPYDLRASFCRLMLHMHVDRDPQEQVTPVKYARLWSEIPSEIAIDDYDSSGTSKDE 
55 IKERFAQTMEFVEEYLRDVVCQRFPFSDKEKNKLTFEWNLARNLIYFGFYNFSDLLRLTKILLA 
ILDCVHVTTIFPISKMTKGEENKGSNVMRSIHGVGELMTQVVLRGGGFLPMTPMAAAPEGNVK 
QAEPEKEDIMVMDTKLKIIEILQFILNVRLDYRISCLLCIFKREFDESNSQSSETSSGNSSQEGPSN 
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VPGALDFEHIEEQAEGIFGGSEENTPLDLDDHGGRTFLRVLLHLTMHDYPPLVSGALQLLFRHFS 
QRQEVLQAFKQVQLLVTSQDVDNYKQIKQDLDQLRSIVEKSELWVYKGQGPDEPMDGASGEN 
EHKKTEEGTSKPLKHESTSSYNYRVVKEILIRLSKLCVQESASVRKSRKQQQRLLRNMGAHAVV 
LELLQIPYEKAEDTKMQEIMRLAHEFLQNFCAGNQQNQALLHKHINLFLKPGILEAVTMQHIFM 
5 NNFQLCSEINERWQHFVHCIETHGRNVQYIKFLQTIVKAEGKFIKXCQDMVM^ 

VFYNDRASFQTLIQMMRSERDRMDENSPLMYHIHLVELLAVCTEGKNVYTEIKCNSLLPLDDIV 
RVVTHEDCIPEVKIAYINFLNHCYVDTEVEMKEIYTSNHMWKLFENFLVDICRACNNTSDRKHA 
DSILEKWTEIVMSIVTTFFSSPFSDQSTTLQTRQPVFVQLLQGVFRVrviiCNWLMPSQKASVESCI 
RVLSDVAKSRAIAIPVDLDSQVNNLFLKSHNIVQKTALNWRLSARNAARRDSVLAASRDYRNII 

10 ERLQDIVSALEDRLRPLVQAELSVLVDVLHRPELLFPENTDARRKCESGGFICKLIKHTKQLLEE 
NEEKLCIKVLQTLREMMTKDRGYGEKQISIDESENAELPQAPEAENSTEQELEPSPPLRQLEDHK 
RGEALRQILVNRYYGNIRPSGRRESLTSFGNGPLSPGGPSKPGGGGGGPGSSSTSRGEMSLAEVQ 
CHLDKEGASNLVIDLIMNASSDRVFHESILLAIALLEGGNTTIQHSFFCRLTEDKKSEKFFKVFYD 
RMKVAQQEIKATVTVNTSDLGNKKKDDEVDRDAPSRKKAKEPTTQITEEVRDQLLEASAATRK 

15 AFTTFRREADPDDHYQSGEGTQATTDKAKDDLEMSAVITIMQPILRFLQLLCENHNRDLQNFLR 
CQNNKTNYNLVCETLQFLDCICGSTTGGLGLLGLYINEKNVALINQTLESLTEYCQGPCHENQN 
CIATHESNGIDIITALILNDmPLGKKRMDLVLELKNNASKLLLAIMESRHDSENAERILYNMRPK 
ELVEVIKKAYMQGEVEFEDGENGEDGAASPRNVGHNIYILAHQLARHNKELQTMLKPGGQVD 
GDEALEFYAKHTAQIEIVRLDRTMEQIVFPVPSICEFLTKESKLRIYYTTERDEQGSKINDFFLRSE 

20 DLF^^E^^WQKKLRAQPVLYWCARNMSFWSSISFNLAVLMNLLVAFFYPFKGVRGGTLEPHWS 
GLLWTAMLISLAIVIALPKPHGIRALIASTILRLIFSVGLQPTLFLLGAFNVCNKIIFLMSFVGNCGT 
FTRGYRAMVLDVEFLYHLLYLLICAMGLFVHEFFYSLLLFDLVYREETLLNVIKSVTRNGRSIIL 
TAVLALILVYLFSIVGYLFFKDDFILEVDRLPNETAVPETGESLANDFLYSDVCRVETGENCTSPA 
PKEELLPAEETEQDKEHTCETLLMCIVTVLSHGLRSGGGVGDVLRKPSKEEPLFAARVIYDLLFF 

25 FNWIIIVLNLIFGVIIDTFADLRSEKQKJCEEILKTTCFICGLERDKFDNKTVTFEEHIKEEHNMWHY 
LCFIVLVKVKDSTEYTGPESYVAEMIRERNLDWFLRMRAMSLVSSDSEGEQNELRNLQEKLEST 
MKLVTNLSGQLSELKDQMTEQRKQKQRIGLLGHPPHMNVNPQQPA 

SEQ ID No. SEOIPNO: 33 

30 

ggcacgagccgagttggaggaagcagcggcagcggcagcggcagcggtagcggtgaggacggctgtgcagccaaggaaccgggacagcgaa 
gcgacggcaggtcgcagctggatcgcaggagcctgggagctgggagcttcagaggccgctgaagcccaggctgggcagaggaaggaagcgagc 
cgacccggaggtgaagctgagagtggagcgtggcagtaaaatcagacgacagatggacagtgtgacaggaacgtcagagaggattgggcctcgct 
gcgagagtcagcctggagtcaaggtgttgacaagttgctgagaaggacacgtgggaggacggtggcgcgcggagggagagccctgtcttcagtca 

35 ccccgttgatggaggacagatggacagcagccggacggccagtcacctctcttaaacctttggatagtggtcctttgtgctctgctggacacctgttggg 
gattttagcccattctctgaactcactttctcttaaaacgtaaactcggacggcagtgtgcgagccagctcctctgtggcagggcactagagctgcagaca 
tgagtgcagagggctaccagtacagagcactgtacgactacaagaaggagcgagaggaagacattgacctacacctgggggacatactgactgtga 
ataaaggctccttegtggcacttggattcagtgatggccaggaagcccggcctgaagatattggctggttaaatggctacaatgaaaccactggggaga 
ggggagacmccaggaacttacgttgaamcattggaaggaaaagaamcaccccctactcccaagcctcggccccctcgaccgcttcctgttgcte 

40 gggttcttcaaaaactgaagctgacacggagcagcaagcgttgccccttcctgacctggccgagcagtttgcccctcctgatgttgccccgcctctcctt 
ataaagctcctggaagccattgagaagaaaggactggaatgttcgactctatacagaacacaaagctccagcaaccctgcagaattacgacagcttctt 
gattgtgatgccgcgtcagtggacttggagatgatcgacgtacacgtcttagcagatgctttcaaacgctatctcgccgacttaccaaatcctgtcattcct 
gtagctgtttocaatgagatgatgtctttogcccaagaactacagagccctgaagactg^ 

catcagtgttggcttacgcttcagtamgctcaagcatttmcaagctctctcaagcctccagcaaaaacctmgaatgcaagagtcctctctgagat^ 
45 gccccgtgctmcagamccagccgccagctctgataatactgaacacctcataaaagcgamgagattttaatctcaacggaatggaatgagaga 

ccagcaccagcactgccccccaaaccacccaagcccactactgtagccaacaacagcatgaacaacaatatgtccttgcaggatgctgaatggtactg 
gggagacatctcaagggaagaagtgaatgaaaaactccgagacactgctgatgggacctttttggtacgagacgcatctactaaaatgcacggcgatta 
cactcttacacctaggaaaggaggaaataacaaattaatcaaaatcmcaccgtgatggaaa^ 

agttaataaaccactaccggaatgagtcttmgctcagtacaaccccaagctggatgtgaagttgctctacccagtgtccaaataccagcagg 

50 gtcaaagaagataatattgaagctgtagggaaaaaattacatgaatata^ 

acccgtacttcccaggaaatccaaatgaaaagaacggctatcgaagcatttaatgaaaccataaaaatamgaagaacaatgccaaacccag 
tacagcaaagaatacatagagaagtttaaacgcgaaggcaacgagaaagaaattcaaaggattatgcataaccatgataagctgaag^ 
gagatcattgacagtaggaggaggttggaagaagacttgaagaagcaggcagctgagtaccgagagatcgacaaacgcatgaacagtattaagccg 
gacctcatccagttgagaaagacaagagaccaatacttgatgtggctgacgcagaaaggtgtgcggcagaagaagctgaacgagtggctggggaat 

55 gaaaataccgaagatcaatactccctggtagaagatgatgaggatttgccccaccatgacgagaagacgtggaatgtcgggagcagcaaccgaaaca 
aagcggagaacctattgcgagggaagcgagacggcactttccttgtccgggagagcagtaagcagggctgctatgcctgctccgtagtggtagacgg 
cgaagtcaagcattgcgtcattaacaagactgccaccggctatggctttgccgagccctacaacctgtacagctccctgaaggagctggtgctacattat 
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caacacacctccctcgtgcagcacaatgactccctcaatgtcacactagcatacccagtatatgcacaacagaggcgatgaagcgctgccctcggatcc 
agttcctcaccttcaagccacccaaggcctctgagaagcaaagggctcctctccagcccgacctgtgaactgagctgcagaaatgaagccgg^ 
gcacatgggactagagctttcttggacaaaaagaagtcggggaagacacgcagcctcggactgttggatgaccagacgtttctaaccttatcctctttctt 
tctUctttctHctttcmcttctttctttcmctttctttctttctttcffi^ 
5 ctctccgtgcagggacaaagaggcctttaaccatggjgcttgttaacgc 

cagggccgaagagcctgcgcctggggccgcttggtccagcctggtgtagcctgggtgtcgctgggtgtggtgaacccagacacatca^ 

tamcctttttaaaagagcgaatgatatgtatcagagagccgcgtctgctcacgcaggacactttgagagaacattgatgcagtctgttcggaggaaaaat 

gaaacaccagaaaacgttmgtttaaactmtcaagtcagcaaccaacaacccaccaacagaaaaaaaaaaaaaa 

10 SEP ID No. SEP ID NO: 34 

MSAEGYQYRALYDYKXEREEDIDLHLGDILTVNKGSLVALGFSDGQEAl^EDIGWLNGYNE^ 
GERGDFPGTYVEYIGRKRISPPTPKPRPPRPLPVAPGSSKTEADTEQQALPLPDLAEQFAPPDVAP 
PLLIKLLEAIEKKGLECSTLYRTQSSSNPAELRQLLDCDAASVDLEMIDVHVLADAFKRYLADLP 

15 NPVIPVAVYNEMMSLAQELQSPEDCIQLLKKLIRLPNIPHQCWLTLQYLLKHFFKLSQASSKNLL 
NARVLSEIFSPVLFRFPAASSDNTEHLIKAIEILISTEWNERQPAPALPPKPPKPTTVANNSM>^ 
MSLQDAEWYWGDISREEVNEKLRDTADGTFLVRDASKMHGDYTLTPRKGGNNKLIKIFHRDG 
KYGFSDPLTFNSVVELINHYRNESLAQYNPKLDVKLLYPVSKYQQDQVVKEDNIEAVGKKLHE 
YNTQFQEKSREYDRLYEEYTRTSQEIQMKRTAIEAFNETIKIFEEQCQTQERYSKEYIEKFKREG 

20 NEKEIQRIMHNHDKLKSRISEIIDSRRRLEEDLKKQAAEYREIDKJIMNSIKPDLIQLRKTRDQYL 
MWLTQKGVRQKKLNEWLGNENTEDQYSLVEDDEDLPHHDEKTWNVGSSNRNKAENLLRGK 
RDGTFLVRESSKQGCYACSVWDGEVKHCVINKTATGYGFAEPYNLYSSLKELVLHYQHTSLV 
QHNDSLNVTLAYPVYAQQRR 

25 SEQ ID No. SEO ID NO: 35 

ggaaggatgaggcgcccgcggcggcccgggggctccgggggctccgggggctccgggggcctccggctgctggtctgcctgctgttgctgagcg 
gccgccccgggggctgcagcgccatcagtgcccacggctgtctgtttgaccgcagactttgttcgcatctggaagtctgtattcaggatggcttgtttgga 
cagtgccaggcaggagtggggcaggcacggcccctcttacaagtcacttccccagttctccagcgcctacaaggtgtgctccggcaactcatgtccc 
30 aggcttgtcctggcatgatgaccttacccagcatgtgatctcccaggagatggaacgcatccccaggcttcgccccccagagccccatccaagggaca 
ggtctggmggtgcccaggaaaccaggccctgcaggggaattgctaactcagggc^ 

ctgcagggggacggagctggggcggctccccactgtcctctctgcaggctgagttgttaccccctctcttggagcatctgctaatgcccccacagcctc 
cacaccctgctctgacctatgaacctgcactgctacagccttacctcttccaccagtttggctcccgagatggctcccggggctcagagagctcctctgg 
ggtagttggtgttggtcacctgtccaaggctgaaggtcctgcactcttcagcagaagtgcctccaaggccattttggggactcactctggacactcttttgg 
35 ggaccttacaggtccctcacctgctcaacttttccaagattcagggctgctctacatggcccaagagttgccagtgcctggcagagcccgggcaccaag 
gttgccagagaatgggggcaacagggcagaggactcttcagagggccatgaggaggaagtactagggggtcgtggggagaagtcccctccccaa 
gcagcacaaccagaattgagtctgcagagattgactgctgtactggcaggctatggagtagagctgcgtcagttgaccccggagcagttttctaccctct 
tgaccctgatgcagttgctgcccaagggcacaggaagaaatcttgaaggggct 

cagagaggagacccagcagaagctctgccccccacaccctcgcttcctgggtacctcactgccagccctgcctccagcgaagttcagcaggtgctga 

40 gccctggtttccctgaacctccccacacacccagccctctgggctcctcctcagtccttctggagaagaaaagtcccttgggccagagccagcccacag 
tggtgggacggccatcagctcgaccatcggccgaggagtatggctatatcgtcactgaccagaaacccctgagcctggtggctggagtgaggctgct 
ggagattctggctgagcacgtgcatatgtcctccggtagctttatcaacatcagtgtggtgggaccagctgtcaccttccgaatccggcacaatgagcag 
aacctgtctttggcagatgtgacccagcaagctgggctggtgaagtctgaactggaagcgcagacagggctccagattttgcagacaggggtgggac 
agagggaggaagcagctgaagtccttccccgacaagcccatggcatatct^ 

45 gggctgctagtggctttggcagtggccttgtgtatgcgccatcattcgagacagcgggataaggagcgcctggcagcgctggggccggagggggcc 
catggtgacactacttttgagtaccaggacctgtgtcgccagcacatggccacaaagtccctgtttaaccgggcggagggtcagccagagccttctagg 
gtgagcagtgtgtcctcccagttcagcgacgcggcccaggccagccccagttcccacagcagctctccatcttggtgcgaggagcccgcccaggcca 
acatggacatctccacaggacacatgattctggcatacatggaggatcaccttcggaaccgggaccggttggccaaggagtggcaggctctgtgcgc 
ctaccaagcagagccaaacacctgtgccgccgcacaggatgagagcaacatcaagaagaaccgccatcctgacttcctaccctatgaccatgcccga 

50 atcaagctgaaagtggagagcagcccttctcggagtgattacatcaacgccagccccatcatcgagcatgaccctcggatgccggcctacatagccac 
acagggaccactgtcccacaccatcgcggacttctggcagatggtgtgggagagtggctgcactgtcatcgttatgctgaccccgttggtggaggacg 
gtgtcaaacagtgtgaccgctactggccggatgaaggatcttccctctaccacgtctatgaggtgaacctggtgtcggagcacatctggtgcgaggactt 
cctggtgcggagcttctaccttaagaacctgcagacccaggagacgcgcacgctcactcagttccacttcctcagctggccggcagagggcactccg 
gcctccacccggccgctgctggacttccgcaggaaagtgaacaagtgctacagaggccgctcctgccccatcatagtgcactgcagtgacggtgc^^ 

55 ggaggacaggcacctacatccttattgacatggtcctgaatcgcatggccaaaggagtgaaggagattgatattgctgccaccctggagcatgtccgtg 
accagcggcctggacttgtccgttctaaggaccagtttgagtttgcgctgacagccgtggcagaggaggtgaatgctatcctcaaggccctgccccagt 
gagcccccctgggcgcctcagtgggcatcctggcctcggctccttctgcctgtgtgagcatctgtgcacccactcttcagcccctaccca 
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ggtctgacttggccatgggagcctttcccaacccagtgtggaagggagtcgggagggaaggaaggggtaggctcgccctgctttatccatgctagaa 
ccatggtatcccatgggaagcagacagcaggcaaggagaggcgtggacaccggccacaggtgtgcccgagccccatcctacctgagtctctgtctc 
cctctctggamtg^gcgtccccactcccaccagcctaccacctatagacaaagcagaacgaggaaaccccagctcccccaaccctgctaccactgg^ 
ctgccaccttgaccctgctcaaccttctccctctagcacaagggaacamrt^ 
5 tgtgc 

SEQ ID No. SEP ID NO: 36 | 

MRRPRRPGGSGGSGGSGGLRLLVCLLLLSGRPGGCSAISAHGCLFDRRLCSHLEVCIQDGLFGQ 
10 CQAGVGQARPLLQVTSPVLQRLQGVLRQLMSQGLSWHDDLTQHVISQEMERIPRLRPPEPHPR 
DRSGLVPRKPGPAGELLTQGNPTGSSPAAQGFPRPAGGRSWGGSPLSSLQAELLPPLLEHLLMPP 
QPPHPALTYEPALLQPYLFHQFGSRDGSRGSESSSGWGVGHLSKAEGPALFSRSASKAILGTHS 
GHSFGDLTGPSPAQLFQDSGLLYMAQELPVPGRARAPRLPENGGNRAEDSSEGHEEEVLGGRG 
EKSPPQAAQPELSLQRLTAVLAGYGVELRQLTPEQFSTLLTLMQLLPKGTGRNLEGAVNVGGA 
15 DVKKTIQQMQRGDPAEALPPTPSLPGYLTASPASSEVQQVLSPGFPEPPHTPSPLGSSSVLLEKKS 
PLGQSQPTWGRPSARPSAEEYGYIVTDQKPLSLVAGVRLLEILAEHVHMSSGSFINISWGPAV 
TFRIRHNEQNLSLADVTQQAGLVKSELEAQTGLQILQTGVGQREEAAEVLPRQAHGISPMRSVL 
LTLVALAGVAGLLVALAVALCMRHHSRQRDKERLAALGPEGAHGDTTFEYQDLCRQHMATK 
SLFNRAEGQPEPSRVSSVSSQFSDAAQASPSSHSSSPSWCEEPAQANMDISTGHMILAYMEDHLR 
20 NRDRLAKEWQALCAYQAEPNTCAAAQDESNIKKNRHPDFLPYDHARIKLKVESSPSRSDYINAS 
PIIEHDPRMPAYIATQGPLSHTIADFWQMVWESGCTVIVMLTPLVEDGVKQCDRYWPDEGSSLY 
HVYEVNLVSEHIWCEDFLVRSFYLNLQTQETRTLTQFHFLSWPAEGTPASTRPLLDFRRKVNKC 
YRGRSCPIIVHCSDGAGRTGTYILIDMVLNRMAKGVKEIDIAATLEHVRDQRPGLVRSKDQFEF 
ALTAVAEEVNAILKALPQ 

25 

SEQ IDNo. SE01DNO: 37 | 

cggcgggaggaaagcgcggtgaagccagattaggagcagcgagcacttggggacttagggccacaggacaccgcacaagatcgaccgactttttc 
tggagaaccgcagaacgggcacgctggggtcgctggggctggccatggtgatggaggtgggcatcctggacgccggggggctgcgcgcgctgct 

30 gcgagagggcgccgcgcagtgcctgttgttggattgtcgctccttcttcgctttcaacgccggccacatcgcgggctcagtgaacgtgcgcttcagcac 
catcgtgcggcgccgcgccaagggcgccatgggcctggagcatatcgtgcccaacgctgaactgcgtggccgcctgctggccggagcctaccacg 
ccgtggtgctgctggacgagcgcagcgcctccctggacggcgccaagcgcgacggcaccctggccctggccgcgggcgcgctctgccgagagg 
cgcgctccactcaagtcttcmctccaaggaggatatgaagcgtmcggcttcctgccctgagctgtgcagcaaacagtccacccccacggggctcag 
cctccccctgagtactagtgtgcctgacagtgcagaatccggatgcagctcctgtagtacccctctctacgatcaggggggcccagtggagatcctgtc 

35 cttcctgtacctgggcagtgcctatcacgcttctcggaaggata^^ 

ctttgagggtcactaccagtacaagagcatccctgtggaggacaaccacaaggcagacatcagctcctggttcaacgaggctattgacttcatagactc 
catcaaggatgctggagggagagtgtttgttcattgccaggccggcatctcccggtcagccaccatctgccttgcttacctcatgaggactaaccgggta 
aagctggacgaggcctttgagtttgtgaagcagaggcggagtatcatctccccgaacttcagcttcatgggccagctgctgcagtttgagtcccaagtgc 
tagcccctcactgctctgctgaagctgggagccctgccatggctgtccttgaccggggcacctctactaccacagtcttcaacttccctgtttccatccccg 

40 tccaccccacgaacagtgccctgaactaccttaaaagccccatcaccacctctccaagctgctgaagggcaaggggaggtgtggagtttcacttgcca 
ccgggtcgccactcctcctgtgggaggagcaatgcaataactctgggagaggc^ 

ctcctcctgagttccactgagttcctaagcagtcacaacaatgacttgaccgcaagacatttgctgaactcggcacattcgggaccaatatattgtgggtac 
atcaagtccctctgacaaaacagggcagaagagaaaggacta 

ccaccagtattaaccattcccgatgacatgcgcgtatgagagtttttacctttatttattmgtgmggtcggtggm 
45 amgaagaaccaaatacctcaatmgtgtttgcgtactgtactatcttgtaaatagacccagagcaggtttgctttcggcactgacagacaaagccagtgta 
ggmgtagcmcagttatcgacagttgtatgmgtttattta^^ 
acagaataaattatgacgtttctattga 

SEQ]DNo. SEOIDNO: 38 I 
50 ^ 

N1VMEVGILDAGGLRALLREGAAQCLLLDCRSFFAFNAGHIAGSVNVRFSTIVRRRAKGAMGLE 
HIVPNAELRGRLLAGAYHAWLLDERSASLDGAKRDGTLALAAGALCREARSTQVFFLQGGYE 
AFSASCPELCSKQSTPTGLSLPLSTSVPDSAESGCSSCSTPLYDQGGPVEILSFLYLGSAYHASRK 
DMLDALGITALINVSANCPNHFEGHYQYKSIPVEDNHKADISSWFNEAIDFIDSIKDAGGRVFVH 
55 CQAGISRSATICLAYLMRTNRVKLDEAFEFVKQRRSIISPNFSFMGQLLQFESQVLAPHCSAEAG 
SPAMAVLDRGTSTTTVFNFPVSIPVHPTNSALNYLKSPITTSPSC 
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SEP 1DNo. SEP1DNP: 39 
atacccatcaaatgaagcaccaaagacaactgtgttgagcgcccctggg^ 

ccgcaatgactctgaataatgtcaccatgcgccaaggcactgtgggcatgcagccacagcagcgctggagtatgcctgctgat 
5 gtccagaaggatccccacccctgcaacctccgaaaccgccactctactgctccggaagagcactgccggcggacgtggtcgtccgactccacagact 
cggtcatctcttctgagtctggaaacacctacmccgag^gtgcttataggggagcaaggagtgggcaagtccaccctggccaac 
gcatgacagcatggacagcgactgtgaggtcttgggagaagatacatatgagcgtaccctggtcgttgacggagagagtgcaaccattatcc 
acatgtgggaaaataagggggagaacgaatggctccatgaccactgcatgcaggtcg^ 

agcttcgagaaggcatctgagctgaggattcagctccgcagggcccggcagacagaagacattcctataattttggttggcaacaaaagcgacttagtg 
10 cggtgtcgagaagtgtctgtgtcagaagggagagcttgtgctgtggtgttcgactgcaaattcatcgagacctctgcggctgtgcagcacaacgtgaag 

gaactgtttgagggcattgagcgacaggtgcgcctgccgagggacagcaaggagaagaatgagaggaggctggcctaccagaagaggcgggaga 

gcattcccaggaaagccaggcgcttctggggcaaaattgtggccaaaaacaacaagaacatggcttcaagctccaagtcaaaatcctgccatgacctg 

tctgtgctctaggcacccagtgtcacccagatgtcccttggtggacatcgttgaaggctattgggaccagtgatctatattagattggato^ 

mgacgcaacttcccctatggcagatggaaaccaacaggttagccttgtgggcaaccaagtgcacgggcaatgaatgagctctgtcaag 
15 tattcataggaaaagcttgagctgctacgtggatgtctcagactcatttaagacacgcttcgggttcacatgagmctctctccmgg 

mcctcagtgttgttccatgtgamcgaggtccttgggtcamtogaaatgtagggaaatggcggtagtttattggaaggagaagggctcactgcatactt 

atatccctgaaacgacatctttagagctggcctcatcac^ 

cagttmgtttaaagaccacagagattgtagacttaggagctatatggtactacttata^ 

ggaaacmttttttttmgccaaattctacttagtcaaatcatcttctatgtcttgctgttttttaa^ 
20 attgataacctgcagtgcaaaattttaaatatagtcctgttmcccccaaaacamaacatgccccatccmgggttgcttctgtatgccacagctg 

tttattatmgcaataaccattttatamgataaagatotttatgagcata^ 

tacctattgtcttataataaataaataaaatctttgaaaagg 

SEP ID No. SEP ID NQ: 40 

25 

MTLNNVTMRQGWGMQPQQRWSMPADARHLMVQKDPHPCNLRNRHSTAPEEHCRRTWSSDS 
TDSVISSESGNTYYRWLIGEQGVGKSTLANIFAGVHDSMDSDCEVLGEDTYERTLWDGESAT 
IILLDMWENKGENEWLHDHCMQVGDAYLIVYSITDRASFEKASELRIQLRRARQTEDIPIILVGN 
KSDLVRCREVSVSEGRACAVVFDCKFIETSAAVQHNVKELFEGIERQVRLPRDSKEKNERRLAY 
30 QKRRESIPRKARRFWGKIVAKNNKNMASSSKSKSCHDLSVL 

SEQ ID No. SEP IDNO: 41 

tatcccgctgttgctgcaagccggctgcatcttagttggccatgaagaccccagcacagcggctgcaccttcttccactgttgttgctgctttgtggtgagt 
35 gtgcccaggtatgcggctgcaacgagacagggatgctggagaggctgcctcgctgtgggaaagccttcgctgacatgatgcagaaggtggctgtctg 
gaagtggtgcaacctgtcggagttcatcgtgtattatgaaagcttcactaactgcaccgagatggagaccaacatcatgggctgctactggcccaaccc 
gctggcccagagcttcatcactggaatccacaggcagttcttttccaactgcacggtggacaggacccactgggaagaccccccggatgaagtactca 
tcccactgatcgcggttcctgtcgtgctgactgtggctatggctggcctggtggtgtggcgcagcaagcacactgatcggctgctgtgaggatctgctgg 
atggagggccatgcctggcaggctgggagaatgttgctcagagctctgagagctggcagactcggcttctgtctggmgcmggccacaccctacct^ 
40 gccatgccaaagtcctcccgaccaggctggtgtggcccttg 

ggaagaaagtgacaaatcccaagtttgtggaccaggcatggaaatcaactgttgctgagccccgctccccaggctcggttccctagtttctagccgtttct 
tggcagagtcttgctcagcctgaaccccgccccaggtcctgacccatttctagtcctgaccctgacccctgctacacttggccagagagggcaggcaa 
ggtcatctggaagatgtggacgcccccccgcctctattcaagagactgagcacatcatttatcagacatgaaggatagcctggggtcattaggagccac 
gtgtgacctactgacccacctgcctgtcctctctgtgatctgtcacgattctgtgtccagtgtgggctggagctgtggctt 
45 accctgcaggtagagcgtgaacctccttcttgaggggmttcctgggagtggggcgcactgagtgtgctcaagggttctgtctgctgat^ 
gattaaagtgtctccttacaaaaaaaaaaaaaaaaaaaaa 

SEP ID No. SEP ID NP: 42 

50 MKTPAQRLHLLPLLLLLCGECAQVCGCNETGMLERLPRCGKAFADMMQKVAVWKWCNLSEFI 
VYYESFTNCTEMETNIMGCYWPNPLAQSFITGIHRQFFSNCTVDRTHWEDPPDEVLIPLIAVPVV 
LTVAMAGLWWRSKHTDRLL 

SEP ID No. SEP IDNP: 43 

55 

atgctcaacaaagccaagaattcaaagagtgcccagggtctggctggt^ 

gcaacacccgagagctgagagattactgcctccagaggctgtacatgcgggacctcggccacaccagcagcgctcacacggccctcatggaagagt 
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ttgcaaaactaatccagaccatatggacgtcgtcccccaatgatgtggtgagcccatctgagttcaagacccagatccagagatatgcgccacgcttca 
gggctataatcagcaggatgctcaggaattccttcgtttccttctggatggtctccacaatgaggtgaaccgggtggcagcaaggcctaaggccagccc 
tgagacccttgatcatctccctgatgaagaaaaggggcgacagatgtggaggaagtatctggaaagggaagacagtcggattggggatctcttcgttg 
ggcagctgaagagctccctcacatgcaccgattgtggctactgctctacagtcttcgatcccttctgggatctctcgttgcccatcgcaaagagaggttac 
5 cctgaggtgacgttaatggattgtatgaggctcttcaccaaagaggacatettggatggtgatgagaagccaacttgctgccgctgccgagccagaaaa 
cgatgcataaaaaagttctctgtccagaggttcccaaagatcttggtgctccacctgaagcgattctcagaatccaggatacgaaccagcaagctcacaa 
camgtgaamcccactaagagacctggacttgagagaamgcttcagaaaacaccaaccatgctgtttacaacctgtatgctgtgt^ 
aaccaccatgggaggccactatacagcctactgccgaagtccggttacaggcgaatggcacactttcaatgattccagtgtcacacccatgtcctccag 
ccaagtgcgcaccagcgacgcctamgctcttctotgaactggccag^ccaccctcccgtatgtagcattgaggagctgcggcccttccctcttccctgt 
1 0 . ggtggccccacgtcctaag 

SEP ID No. SEP ID NO: 44 | 

MLNKAKNSKSAQGLAGLRNLGNTCFMNSILQCLSNTRELRDYCLQRLYMRDLGHTSSAHTAL 
15 MEEFAKLIQTIWTSSPNDVVSPSEFKTQIQRYAPRFMGYNQQDAQEFLRFLLDGLHNEVNRVAA 
RPKASPETLDHLPDEEKGRQMWRKYLEREDSRIGDLFVGQLKSSLTCTDCGYCSTVFDPFWDLS 
LPIAKRGYPEVTLMDCMRLFTKEDILDGDEKPTCCRCRARKRCIKKFSVQRFPKILVLHLKRFSE 
SRIRTSKLTTFVNFPLRDLDLREFASENTNHAVYNLYAVSNHSGTTMGGHYTAYCRSPVTGEW 
HTFNDSSVTPMSSSQVRTSDAYLLFYELASPPSRM 

20 

SEP [DNo. SEPlDNP: 45 | 

gcggagcgtgagctgtgcgagcgagcgagcgcgagcatagcctgcgagcgagcagagagaaagagcgagggcaagagagcggcgaggcgcc 
tgcgcgatgctcgggcccctaagcccgcggcgctgagccagccgggacggacatgcgcgggagggcgccgcggggtcccgctcccttggggga 
25 atgaaagctactggttgacttaaaaacacctgggctttacaaam^ 

attcgagtcccattaaaaactggamctccataatggtcaggccttggggaatatgaa^ 

atattgatccaataaccatggcctacaatctgaactcccctgctcaggagcacctaacaactgttggatgtgctgctcggtctgctccagggagcggcca 
cttctttgcagagtgtggtccatctccaaggtcaagcttgccccctcttgttatctcaccaagtgaaagctcgggacagcgtgaagaggatcaagttatgtg 
tggmtaagaaactctcagtgaatggggtctgcacttccacacctccacttacacccattaaaagctgcccttcccctttcccctgtgcggctctgtgtgatc 

30 ggggttctcggccgctcccgccactgcccatctctgaagacctatgtgtggatgaggccgacagtgaggtagagcttctaaccaccagctcagacaca 
gacttgcttttagaagactctgcgccttcagamcaaamcgatgctcctggcaggcgcagcttccgtgggtgcggccagatcaactatgcatat^ 
agcccaactgtttctgtggcagatcttagctgtgcatctgaccagaacagagttgttccagacccaaaccctcccccacctcaaagccatcgcagattaa 
ggaggtctcactcaggaccagctgggtcatttaacaagccagccattcggatatctagctgcacacacagagcttctcctagctctgatgaagacaagc 
ctgaggtccctcccagggttcctatacctcctaggccagcaaagccagactatagacggtggtcagcagaagtgacctccaacacctacagtgatgaa 

35 gataggcctcccaaagtccccccgagagaaccmgtctcggagtaactcccgtaccccaagtcctaaaagccttccgtcttacctc^ 

ccccaacacagagcttcgctcctgaccccaagtatgtcagcagcaaagccctgcagagacagagcagcgaaggatctgccaacaaggttccttgcat 
cctgcccattattgaaaatgggaagaaggttagctcaacgcattattacttactacrt^ 

agcagaagaaacaaacccaagcacccaaattcagccattacctgctgcctgtggtatggcctctgccacagaaaagctggcctccagaatgaaa^ 
atatgggtagccacgggaagcgcaaacacttatcctacgtggmctccataaatatgggggtcatgattcaacagaagtto 
40 agtmccagmgaggttcgtagaacaatgtcaagtggcaaaatgaagttggtggactccgccttaatgagaaaggcttagagcagttat^ 
atgctgggagtccctgatctatcagcataggagaaaaaagtatga^ 

atatacctatgtataaaagtgcggtgtaaccatagaccatagctgcaggataaccaattagtcactcttagagtaatctgtattcagaacaattcaaacaagc 

tggaggaacagctcctgatagtgtgagaattgagcaaatgggagaaagcaatattgttagatcagattataaamgttaagma^ 

ggcctgctctataaamgtmccccttccctgccagcagtcttctccatacacgacagggcgtgttctccaccaggcctgtoacatcttgttgagatcatttc 

45 totggcccaatacttgtcgctctggggtmgtcttgttgaggagaggacagcagmctggaccatgttatcacctgtgtgtgtctcatotcttg 

agamggtgaataacttttccatactattcctgctmcccatccactgaaacagcctgttgtagcaagaggcmcaagagtgcagtggagttgcg 
atcagtgmggggtctgagmgatagactagtgcagcgatcagccatatgattgagagctacmggggatatotggtacgttgttmgtttttto 
aaaggacaacacgagctggtcttgtgttgctggttcctattcagtamcctggggattgmgctttttaagtgaaacacttctgaccaatagc 
cttaatgccagaggtcacttcagcatcttcctgcmgaaaactcacgctggctgcttcactgccctgagattcagtgagacacgca^ 

50 catcctctgattgtttatcttg^geagataaacacaaagagaaggtgc^^ 

gaatgacattamgagctatttaaagcttactttagtatgaactaaatgaaggttaaaacatgctttagaaaaatgcactgatctccgcac 
ttggacaaaggatttattcatfflgttgcattatmgaatattgtcttttcattttaata 

SEP IP No. SEP IDNO: 46 I 

55 

MSTAGVAAQDIRVPLKTGFLHNGQALGNN1KSCWGSHSEFENNFLNIDPITN4AYNLNSPAQEHL 
TTVGCAAJISAPGSGHFFAECGPSPRSSLPPLVISPSESSGQREEDQVMCGFKKLSVNGVCTSTPPL 
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TPIKSCPSPFPCAALCDRGSRPLPPLPISEDLCVDEADSEVELLTTSSDTDLLLEDSAPSDFKYDAP 
GRRSFRGCGQINYAYFDSPTVSVADLSCASDQNRVVPDPNPPPPQSHRRLRRSHSGPAGSFNKP 
AIRISSCTHRASPSSDEDKPEVPPRVPIPPRPAKPDYRRWSAEVTSNTYSDEDRPPKVPPREPLSRS 
NSRTPSPKSLPSYLNGVMPPTQSFAPDPKYVSSKALQRQSSEGSANKVPCILPIIENGKKVSSTHY 
5 YLLPERPPYLDKYEKYFKEAEETNPSTQIQPLPAACGMASATEKLASRMKIDMGSHGKRKHLSY 
WSP 

SEP IDNo. SEO iDNO: 47 

10 atggctgaacaacttcttcctcaggcmgmmgagcaamtgcggaaagctg^gaagatacgagagagaaccccagaagacatmcaaaccm 

tgggatcatctatcactttaaaaccatgcaccgatacacgctggagatgttcagaacatgccagttttgcccacagttccgagagatcatccacaaagcac 

ttattgacagaagtgtccaggcttccctggaaagccagaagaagcte^ 

gaaactgcctcatgcatgcagcttgtcagtacatgtggggtgtt^ 

acactcggaactttaaattccgctggcagctggaatctctgaaatctcaggaamgtggaaacaggactttgctacgacactcggaactggaatgacga 
15 atgggacaacttggtcaaaatggcatcagcagacacacctgcagcccgaagtggacttcagtacaattccctggaagaaatccacatamgtccte 
aacatcctcagaagacccatcattgtcamcagacaaaatgctaagaagmggaatctg 

cttcactggcctgcccaggagtgttacagatatcccatcgtcctaggctatgacagccagcactttgtacccctggtgaccctgaaggacagtggacctg 

aacttcgcgctgttccacttgttaacagagaccggggtaggmgaagacttaaaagttcacttcttgacagatcctgagaatgagatgaagga 

ctaaaggagtacttgatagtgatggagatccctgtgcaaggctgggaccacgg^ 

20 cccaaagaaataaatttggtagacgattactttgagcttgttcagcacgaatacaagaaatggcaggagaacagcgatcaggccaggagagcggcaca 
tgcgcagaaccccttggagccttccacaccccagctatcactcatggatataaaatgtgagacacccaactgtcctttcttcatgtccgtgaacactcagc 
ctttatgccacgaatgctcagagaggcgccaaaagaatcagagcaagctcccaaagctgaactcgaagctaggccctgaaggactcccaggcgtgg 
gacttggctcctcaaactggagccccgaggaaaccgctggaggacctcattcagccccacccacagcacccagcctttttctcttcagtgagaccactg 
caatgaag^gcaggagtcctgggtgcccttttacmgaatgtgcagcataatggattctgtgagcgttgccacgcccggcagattaatgccagccacac 

25 cgcagaccctggaaagtgccaagcctgccttcaggatgtcactcggacctttaatggcatctgcagtacctgmcaaaaggactacag 

ctccagcctcacttccagtatccctgcctcctgtcaccaacgctccaagtctgacccctcacaactcatccaaagtctcactccacactcttgc^ 
ctggaaatgtctctccttctggctgcctctcccaggctgcacggactccaggagacagagcagggacaagcaagtgcaggaaagctggctgcatgtat 
tttgggactccagaaaacaagggctmgcactctatgmcatcgaamcagagaaaataagcagtctgttactgcctctgcgaaagctggttccccggc 
cccaggttccagaacaatgtcccgtgcctgggcagggagtgcggcacactcggaagcaccatgmgaagggtactgtcagaagtgtttcatcgaagct 

30 cagaaccagagattccatgaagcaagaagaacggaagaacagctgagatcaagccagcatagagacatgcctcgaactacacaggtagcctcaagg 
ctgaaatgtgcccgggcctcctgcaagaacattctggcctgtcgcagtgaggaactctgtatggagtgccagcacctaagccaacgagtaggttctgtg 
gcccaccggggtgagcccacgcctgaagagccccctaaacagcgctgccgggcccctgcttgtgatcacmggcaatgccaagtgtaatggttactg 
caatgagtgctaccagttcaagcagatgtatggctaa 

35 SEQ IDNo. SEO ID NO: 48 

MAEQLLPQALYLSNMRKAVKIRERTPEDIFKPTNGIIYHFKTMHRYTLEMFRTCQFCPQFREIIH 
KALIDRSVQASLESQKKLNWCREVRKLVALKTNGDGNCLMHAACQYMWGVQDTDLVLRKA 
LCSTLKETDTRNFKFRWQLESLKSQEFVETGLCYDTRNWNDEWDNLVKMASADTPAARSGLQ 

40 YNSLEEIHIFVLSNILRRPIIVISDKMLRSLESGSNFAPLKVGGIYLPLHWPAQECYRYPIVLGYDS 
QHFVPLVTLKDSGPELRAVPLWRDRGRFEDLKVHFLTDPENEMKEKLLKEYLIVMEIPVQGW 
DHGTTHLmAAiaDEANLPKEINLVDDYFELVQHEYKJCWQENSDQARRAAHAQNPLEPSTPQL 
SLMDIKCETPNCPFFMSVNTQPLCHECSERRQKNQSKLPKLNSKLGPEGLPGVGLGSSNWSPEE 
TAGGPHSAPPTAPSLFLFSETTAMKCRSPGCPFTLNVQHNGFCERCHARQINASHTADPGKCQA 

45 CLQDVTRTFNGICSTCFKRTTAEPSSSLTSSIPASCHQRSKSDPSQLIQSLTPHSCHRTGNVSPSGC 
LSQAARTPGDRAGTSKCRKAGCMYFGTPENKGFCTLCFIEYRENKQSVTASAKAGSPAPRFQN 
NVPCLGRECGTLGSTMFEGYCQKCFIEAQNQRFHEARRTEEQLRSSQHRDMPRTTQVASRLKC 
ARASCKNILACRSEELCMECQHLSQRVGSVAHRGEPTPEEPPKQRCRAPACDHFGNAKCNGYC 
NECYQFKQMYG 

50 

SEQ ID No. SEOIP NO: 49 

UlUUtcatacttgataaaattttatttaaaaaaaaa g agaataataatttatacrc^ 

aaagataatattacaaamttaataaatcaatattcacatgacagcaaaagtggcaatgattctecaagaaggtgaggaggaagat^ 
55 gcaatgtctctggagaggcctcctgtcccttcmctccttcaatga 

tggtatttamgcaccgcaaaataatttttttacaaaaaaaattctatcaaggatcctttaaatatcaagmcc 
caagtcttcgacttctctctggtgtagctctaccgcanggcgtgaggtattgctgaagtgagtgcgtgcgtccgtg 



-75- 



-76- 



CLAIMS 

1 . An isolated polynucleotide encoding a protein, which modulates corticotropin 
5 releasing hormone (CRH) signaling said protein having an amino acid sequence 

selected from the group consisting of SEQ ID NO.: SEP ID NO: 46 and S EQ ID 
NOtt -SEO ID NP: 48. 

2. An isolated polynucleotide according to claim 1 wherein said polynucleotide is 
10 mRNA, DNA or cDNA. 

3. An isolated polynucleotide encoding a protein, which modulates corticotropin 
releasing hormone (CRH) signaling said polynucleotide comprising a nucleic 
acid sequence selected from the group consisting of SEP ID NO, SEQ ID 

1 5 NP:45. SEP ID NO.: SEP ID NO: 47 and SEQ ID NP.: SEP ID NO: 49. 

4. An isolated polynucleotide encoding a protein, which modulates corticotropin 
releasing hormone (CRH) signaling said polynucleotide consisting of a nucleic 
acid sequence selected from the group consisting of SEQ ID NP. SEP ID 

20 NP:45. SEP ID NP.: SEP ID NP: 47 and SEP ID NO.: SEP IDNP:4 9, 

5. An isolated polypeptide encoding a protein, which modulates corticotropin 
releasing hormone (CRH) signaling said protein comprising an amino acid 
sequence selected from the group consisting of SEQ ID NO.: SEP ID NO: 46 

25 and SEP ID NP.: SEP ID NP: 48. 

6. A vector comprising an isolated polynucleotide according to any one of claims 
1 to 4. 

30 7. A vector according to claim 6 wherein the polynucleotide is operably linked to 
an expression control sequence. 
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A host cell capable of expressing a protein, which modulates corticotropin 
releasing hormone (CRH) signaling, said protein having an amino acid 
sequence selected from the group consisting of SEP ID NO.: SEP ID NO: 46 
and SEP ID NO.: SEP ID NP: 48. 

A host cell according to claim 8 transfected with a vector comprising a 
regulatory sequence. 

A host cell according to claim 8 transfected with a vector according to claims 6 
or 7. 

A method for identifying a compound capable to alter the CRH signalling response 
in a cell, said method comprising; 

a) contacting said cell with CRH in the presence and absence of said compound; 

b) determine the amount of at least one protein that modulates corticotropin 
releasing hormone (CRH) signaling in said cell; and 

c) compare the amount of said protein in the presence and absence of said 
compound; 

whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEQ ID NO. SEP ID 
NP: 2. SEQ4B- SEP ID NP: 4. SEP ID NP. SEP ID NP: 6. SEQ ID NP. SEQJD 
NP:8. SEP ID NP. SEP ID NO: 10. SEP ID NP. SEP ID NP: 12. SEQ ID 
NO rSEP TP NO: 14. SEP ID NP. SEP ID NP: 16. SEP ID NP. SEP ID NP: 18. 
SEP ID NP. SEP ID NP: 20. SEP ID NP. SEP ID NO: 22. SEP ID NP. SEP ID 
NP:24. SEP ID NP. SEP ID NP: 26. SEP ID NP. SEP ID NP: 28. SEQ ID 
NO rSEP ID NP: 30. SEP ID NP. SEP IP NP: 32. SEP ID NP. SEP ID NP: 34. 
SEP ID NP. SEP IDNP: 36. SEP ID NP. SEP IP NP: 38. SEP ID NP. SEP ID 
NP:40, SEP IP NP. SEP ID NP: 42. SEP ID NP. SEP ID NP: 44. SEQ ID 
NO rSEP IDNP: 46 and SEP ID NP. SEP ID NP: 48. 



A method according to claim 1 1 wherein the cell is a eukaryotic cell such as the 
murine pituitary corticotroph-derived adenoma cell line AtT-20. 
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A method according to claims 11 or 12 wherein the amount of protein that 
modulates CRH signaling is being determined using an antibody which binds to 
a polypeptide comprising an amino acid sequence selected from the group 
consisting of SEP ID NP. SEP ID NO: 2. SEQ-49- SEP ID NQ.4 . SEQ ID 
NOr SEP ID NO: 6. SEP ID NO. SEO ID NO: 8. SEP ID NO. SEO ID NO: 10. 
SEP ID NO. SEO ID NO: 12. SEP ID NO. SEO ID NO: 14. SEP ID NO. SEO ID 
NO: 16. SEP ID NO. SEO ID NO: 18. SEP ID NO. SEO ID NP: 20. SEP ID 
NOr SEP ID NO: 22. SEP ID NP. SEP IDNP: 24. SEP ID NP. SEP ID NP: 26. 
SEP ID NO. SEO ID NP: 28. SEP ID NO. SEO ID NO: 30. SEQ ID NO. SEO ID 
NO:32. SEP ID NP. SEP ID NP: 34. SEP ID NP. SEP ID NP: 36. SEp ID 
NO rSEP ID NP: 38. SEP ID NP. SEP ID NP:4 0. SEP ID NP. SEP ID NP:4 2. 
SEP ID NP. SEP ID NP: 44. SEP ID NP. SEP ID NP: 46 and SEP ID NP. SEP 
ID NP: 48. 

A method according to claims 11 or 12 wherein the amount of protein that 
modulates CRH signaling is being determined by assessing the level of gene 
transcription of a gene encoding an amino acid sequence selected from the 
group consisting of SEP ID NP. SEP ID NP. 2. SEQ4D- SEP ID NP:4 . SEp I D 
NOr SEP ID NP: 6. SEP ID NP. SEP ID NP: 8. SEP ID NP. SEP ID NP: 10. 
SEP ID NP. SEP ID NP: 12. SEP ID NP. SEP ID NP: 14. SEP ID NP. SEP ID 
NP:16. SEP ID NP. SEP ID NP: 18. SEP ID NP. SEP ID NO. 20. SEp ID 
NO rSEP ID NP: 22. SEP ID NP. SEP ID NP: 24. SEP ID NP. SEP ID NP: 26. 
SEP ID NP. SEP ID NP: 28. SEP ID NP. SEP ID NP: 30. SEP ID NP. SEP ID 
NP:32. SEP ID NP. SEP ID NP: 34. SEP ID NP. SEP ID NP: 36. SEp ID 
NO rSEP ID NO: 38. SEP ID NP. SEP ID NP:4 0. SEP ID NP. SEP ID NP:4 2. 
SEP ID NP. SEP ID NP:4 4. SEP ID NP. SEP ID NP: 46 and SEQ ID NP. SEP. 
1DNP: 48. 

A method according to claim 14 wherein the level of gene transcription is being 
assessed using a probe which binds to a polynucleotide encoding an amino acid 
sequence selected from the group consisting of SEP ID NP. SEP ID NP: 2. SEQ 
IP -SEP ID NP: 4. SEP ID NP. SEP ID NP: 6. SEP ID NP. SEP ID NP: 8. SEQ 
tP-NQ rSEO ID NO: 10. SEQ ID NO. SEO ID NO: 12. SEp ID NO. SEQJP. 
NO:14. SEP ID NO. SEO ID NO: 16. SEP ID NO. SEO ID NO: 18. SEp ID 
NO rSEP ID NP.- 20. SEP ID NP. SEP ID NP: 22. SEP ID NP. SEP ID NP: 24. 
SEP ID NP. SEP ID NP: 26. SEP ID NP. SEP ID NP: 28. SEP ID NP. SEP ID 
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NO:30. SEP LP MO. SEP ID NO: 32. SEP ID NP. SEP ID NP: 34. SEQ ID 
NO tSEP ID NP: 36. SEP ID NP. SEP ID NP: 38. SEP ID NP. SEP ID NP: 40. 
SEP ID NP. SEP ID NP: 42. SEP ID NP. SEP ID NP: 44. SEP ID NP. SEP ID 
NP:46 and SEP ID NP. SEP ID NP: 48. 

A method according to claims 14 or 15 wherein the level of gene expression is 
analysed using microarray technology. 

A method according to claim 16 wherein the level of gene expression is 
assessed using an array of oligonucleotide probes that bind to the 
polynucleotides encoding the group of polypeptides having the amino acid 
sequences SEP ID NP. SEP ID NP: 2. SEQ4P- SEP IDNP:4 . SEP ID NP. SEP 
ID NP: 6. SEP ID NP. SEP ID NP: 8. SEP ID NP. SEP ID NP: 10. SEQ ID 
NO tSEP ID NP: 12. SEP ID NP. SEP IDNP: 14. SEP ID NP. SEP ID NP: 16. 
SEP ID NP. SEP ID NP: 18. SEP ID NP. SEP ID NP: 20. SEP ID NP. SEP ID 
NP:22. SEP ID NP. SEP ID NP: 24. SEP ID NP. SEP ID NP: 26. SEQ ID 
NO tSEP ID NP: 28. SEP ID NP. SEP ID NP: 30. SEP ID NP. SEP ID NP: 32. 
SEP ID NP. SEP ID NP: 34. SEP ID NP. SEP ID NP: 36. SEP ID NP. SEP ID 
NP:38. SEP ID NP. SEP ID NP: 4Q. SEP ID NP. SEP ID NP:4 2. SEQ ID 
NO tSEP ID NO:4 4. SEP ID NP. SEP ID NP: 46 and SEP ID NP. SEP ID 
NP:48. 



A method for identifying a compound capable to alter the CRH signalling 
response in a cell, said method comprising; 

a) contacting said cell in the presence and absence of a test compound; and 

b) determine the expression levels of the genes encoding the polypeptides with 
the amino acid sequences SEP ID NP. SEP ID NP: 2. SEO-ID -SEP ID NP: 4. 
SEP ID NP. SEP ID NP: 6. SEP ID NP. SEP ID NP: 8. SEP ID NP. SEP ID 
NP:10. SEP ID NP. SEP ID NP: 12. SEP ID NP. SEP ID NP: 14. SEQ ID 
NO tSEP IDNP: 16. SEP ID NP. SEP ID NO: 18. . SEQ ID NP. SEP ID NP: 20. 
SEP ID NP. SEP ID NP: 22. SEP ID NP. SEP ID NP: 24. SEP ID NP. SEP ID 
NP:26. SEP ID NP. SEP ID NP: 28. SEP ID NP. SEP ID NP: 30. SEQ ID 
NO tSEP ID NO: 32. SEP ID NP. SEP ID NP: 34. SEP ID NP. SEP ID NP: 36. 
SEP ID NP. SEP ID NP: 38. SEP ID NP. SEP ID NP: 40. SEP ID NP. SEP ID 
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NO:42. SEQ ID NO. SEO ID NO:4 4. SEP ID NO. SEO ID NO: 46 and SEQ ID 
NO tSEO ID NO: 48. 

A method according to claim 18 wherein the expression levels of the genes are 
determined using an array of oligonucleotide probes that bind to the 
polynucleotides having the nucleic acid sequences SEQ ID NO: SEP ID NO: 1. 
SEQ ID NO SEP ID NO: 3. SEP ID NO. SEO ID NQ. 5. SEQ ID NO. SEO ID 
NO: 7. SEP ID NP. SEP ID NP: 9. SEP ID NO. SEO ID NP: 11. SEQ ID 
NOt SEO ID NO: 13. SEQ ID NO. SEO ID NO: 15, SEQ ID NO. SEO ID NO: 17. 
SEP ID NO. SEO ID NO: 19. SEP ID NO. SEO ID NO: 21. SEQ ID NO. SEO ID 
NO:23. SEP ID NP. SEP ID NP: 25. SEP ID NP. SEP ID NP: 27. SEQ ID NO. 
SEP ID NO: 29. SEP ID NP. SEP ID NP: 31. SEP ID NP. SEP ID NP: 33. SEQ 
IP-NQ tSEP ID NP: 3S. SEP ID NO. SEP ID NP: 37. SEP ID NP. SEP ID 
NP:39. SEP ID NP. SEP ID NP: 41. SEP ID NP. SEP ID NP: 43. SEQ ID 
NO tSEO ID NO: 45. SEP ID NO. SEO ID NO: 47 and SEQ ID NO:49. 

A method for identifying a compound capable to alter the CRH signalling response 
activity in a cell, said method comprising; 

a) contacting a cell which expresses at least one protein comprising an amino acid 
sequence selected from the group consisting of SEP ID NP. SEP ID NP: 2. SEQ 
1P -SEP ID NO: 4. SEP ID NP. SEP ID NP:6 . SEP ID NP. SEP ID NP: 8. SEQ 
ID^O rSEP ID NP: 10. SEP ID NP. SEP ID NP: 12. SEP ID NP. SEP ID 
NP:14. SEQ ID NO. SEO ID NO: 16. SEQ ID NO. SEO ID NO: 18. SEQ ID 
NO tSEO ID NO: 20. SEP ID NO. SEO ID NO: 22. SEP ID NO. SEO ID NO. 24. 
SEQ ID NO. SEO ID NO: 26. SEP ID NO. SEO ID NO: 28. SEP ID NO. SEO ID 
NO:30. SEP ID NP. SEP ID NP: 32. SEP ID NP. SEP ID NP: 34. SEQ ID 
NO tSEO ID NO.- 36. SEP ID NO. SEO ID NO: 38. SEP ID NP. SEP ID NP:4 0. 
SEP ID NP. SEP ID NP:4 2. SEP ID NP. SEP ID NP: 44. SEP ID NP. SEP ID 
NP:46 and SEP ID NO. SEO ID NO:4 8. with said test compound; and 

b) compare the CRH response activity of said cell in the presence and absence of 
said compound. 

A method according to claim 20 wherein the cell expresses the group of proteins 
having the amino acid sequences SEP ID NP. SEP ID NP: 2. SEP ID SEP ID 
NP: 4. SEP ID NP. SEP ID NP: 6. SEP ID NP. SEP ID NP: 8. SEQ ID 
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NO .SEQ ID NO: 10. SEP ID NP. SEP ID NO: 12. SEP ID NP. SEP ID NO: 14. 
SEP ID NP. SEP ID NO: 16. SEP ID NP. SEP ID NO: 18. SEP ID NP. SEP ID 
NP:20. SEP ID NO. SEP ID NO: 22. SEP ID NP. SEP ID NP: 24. SEQ ID 
NQ rSEP ID NP: 26. SEP ID NP. SEP ID NP: 28. SEP ID NP. SEP ID NP: 30. 
SEP ID NP. SEP ID NP: 32. SEP ID NP. SEP ID NP: 34. SEQ ID NP. SEQJD 
NP:36. SEP ID NO. SEP ID NO: 38. SEP ID NP. SEP ID NP: 40. SEQ ID 
NO rSEP ID NO: 42. SEP ID NP. SEP ID NP: 44. SEP ID NP. SEP ID NP: 46 
and SEP ID NP. SEP ID NP.-4 8. 

A method according to claim 21, wherein the CRH response activity is being 
assessed as changes in transcription at the gene level. 

A method according to claims 21 or 22, wherein the CRH response activity is 
being assessed using microarray technology. 

A method according to any one of claims 20 to 23 wherein the cell is host cell 
capable to express at least one protein having an amino acid sequence selected 
from the group consisting of SEP I D NP. SEP ID NP: 2. SEQ4D -SEP ID NP: 4. 
SEP ID NP. SEP ID NP: 6. SEP ID NP. SEP ID NP: 8. SEP ID NP. SEP ID 
NP:10. SEP ID NP. SEP ID NP: 12. SEP ID NP. SEP ID NO: 14. SEQ ID 
NO tSEP ID NP: 16. SEP ID NP. SEP ID NO: 18. SEP ID NO. SEP ID NP: 20. 
SEP ID NP. SEP ID NP: 22. SEP ID NP. SEP ID NP: 24. SEP ID NP. SEP ID 
NP:26. SEP ID NO. SEP ID NO: 28. SEP ID NP. SEP ID NP: 30. SEQ ID 
NQ .SEP ID NP: 32. SEP ID NP. SEP ID NP: 34. SEP ID NP. SEP ID NP: 36. 
SEP ID NP. SEP ID NP: 38. SEP ID NP. SEP ID NP: 40. SEP ID NP. SEP ID 
NP:42. SEP ID NP. SEP ID NP:4 4. SEP ID NP. SEP ID NP:4 6 and SEQ ID 
NO rSEP ID NP: 48. 

A method according to claim 24 wherein the host cell is transfected with at least 
one vector comprising a regulatory sequence. 

A method according to claim 24 wherein the host cell is transfected with at least 
one vector comprising a polynucleotide sequence encoding an amino acid 
sequence selected from the group consisting of SEP ID NP. SEP ID NP: 2. S6Q 
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te- SE01DNO:4 . SEP ID NP. SEP ID N0: 6. SEP IDNO. SEO 1DNQ: 8. S6Q 
ID-NQ tSEP ID NP: 10. SEP ID NP. SEP LP NP: 12. SEP ID NO. SEO ID 
NP:14. SEP ID NP. SEP ID NP: 16. SEP ID NP. SEP ID NP: 18. SEQ ID 
NO rSEP ID NP: 20. SEP ID NP. SEP ID NP: 22. SEP ID NP. SEP ID NP: 24. 
SEP ID NP. SEP 1DNP: 26. SEP ID NP. SEP ID NP: 28. SEP ID NP. SEP ID 
NP:30. SEP ID NP. SEP ID NP: 32. SEP ID NP. SEP ID NP: 34. SEQ ID 
NOr SEP ID NP: 36. SEP ID NP. SEP ID NP: 38. SEP ID NP. SEP ID NP: 40. 
SEP ID NP. SEP ID NP: 42. SEP ID NP. SEP ID NP: 44. SEP ID NP. SEP ID 
NP:46 and SEP ID NP. SEP IDNP: 48. 

A method of diagnosing CRH induced depression in an individual said method 
comprising; 

a) obtaining a biological sample of said individual; and 

b) determine the amount of at least one protein that modulates corticotropin 
releasing hormone (CRH) signaling in said biological sample; 

whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEP ID NP. SEP ID 
NP: 2. S£04D -SE0 IDNP: 4. SEP ID NP. SEP 1D NP: 6. SEP ID NP. SEP ID 
NP: 8. SEP ID NP. SEP ID NP: 10. SEP ID NP. SEP ID NP: 12. SEQ ID 
NO rSEP ID NP: 14. SEP ID NP. SEP IDNP: 16. SEP TP NO. SEO ID NO: 18. 
SEP ID NP. SEP ID NP: 20. SEP ID NP. SEP ID NP: 22. SEP ID NP. SEP ID 
NP:24. SEP ID NP. SEP ID NP: 26. SEP ID NP. SEP ID NO: 28. SEQ ID 
NQ rSEO ID NP: 30. SEP ID NP. SEP ID NP: 32. SEP ID NP. SEP ID NP: 34, 
SEP ID NP. SEP ID NP: 36. SEP ID NP. SEP ID NP: 38. SEP ID NP. SEP ID 
NO:40. SEP ID NP. SEP ID NP: 42. SEP ID NP. SEP ID NP: 44. SEQ ID 
NO rSEP ID NP: 46 and SEP ID NP. SEP IDNP: 48. 

A method according to claim 27 wherein the biological sample is a bodily fluid 
or tissue sample 

A method according to claims 27 or 28 wherein wherein the amount of protein 
that modulates CRH signaling is being determined using an antibody which 
binds to a polypeptide comprising an amino acid sequence selected from the 
group consisting of SEP ID NP. SEP ID NP: 2. SE04D -SE0 ID NP: 4. SEQ4D | 
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NOr SEO ID NO: 6. SEP fD NO. SEO ID NO: 8. SEP ID NO. SEQ ID NO: 10. 
SEP ID NO. SEP IP NO: 12. SEP ID NP. SEP IP NP: 14. SEP IP NP. SEP ID 
NO: 16. SEP IP NO. SEO IP NO: 18. SEP IP NO. SEO IP NO: 20. SEp IP 
NO .SEO IP NO: 22. SEP IP NP. SEP IP NP: 24. SEP IP NP. SEP IP NP: 26. 
SEP IP NP. SEP IP NP: 28. SEP IP NP. SEP IP NP: 30. SEP IP NP. SEP IP 
NP:32. SEP IP NP. SEP IP NP: 34. SEP IP NP. SEP IP NP: 36. SEp IP 
NOt SEP IP NP: 38. SEP ID NP. SEP IP NP: 40. SEP IP NP. SEP IP NP: 42. 
SEP IP NP. SEP IP NP: 44. SEP IP NP. SEP IP NP: 46 and SEP ID NP. SEP 
ID NP:4 8. 

A method according to claims 27 or 28 wherein the amount of protein that 
modulates CRH signaling is being determined by assessing the level of gene 
transcription of a gene encoding an amino acid sequence selected from the 
group consisting of SEP ID NP. SEP ID NP: 2. SEP ID SEP ID NP: 4. SEp IP 
NO TSEP IP NP: 6. SEP IP NP. SEP ID NP: 8. SEP IP NP. SEP IP NP: 10. 
SEP IP NP. SEP IP NP: 12. SEP IP NP. SEP IP NP: 14. SEP IP NP. SEP ID 
NP:16. SEP ID NP. SEP ID NP: 18. SEP ID NP. SEP ID NP: 20. SEp ID 
NP rSEP ID NP: 22. SEP ID NP. SEP ID NP: 24. SEP ID NP. SEP ID NP: 26. 
SEP ID NP. SEP ID NP: 28. SEP ID NP. SEP ID NP: 30. SEP ID NP. SEP ID 
NP:32. SEP ID NO. SEO ID NO: 34. SEP ID NO. SEO ID NO: 36. SEP ID 
NOt SEP ID NP: 38. SEP ID NP. SEP ID NP: 40. SEP ID NP. SEP ID NP: 42. 
SEP ID NP. SEP ID NP: 44. SEP ID NP. SEP ID NP: 46 and SEP ID NP. SEP 
IDNP: 48. 

A method according to claim 30 wherein the level of gene transcription is being 
assessed using a probe which binds to a polynucleotide encoding an amino acid 
sequence selected from the group consisting of SEP I D NP. SEP I D NP: 2. SEQ 
IB -SEP ID NP: 4. SEP ID NP. SEP ID NP: 6. SEP ID NP. SEP IDNP: 8. SEQ 
IP-NO rSEP ID NP: 10. SEP ID NP. SEP ID NP: 12. SEP ID NP. SEP ID 
NP:14. SEP ID NP. SEP ID NP: 16. SEP ID NP. SEP ID NP: 18. SEp ID 
NP vSEP ID NP: 20. SEP ID NP. SEP ID NP: 22. SEP ID NP. SEP ID NP: 24. 
SEP ID NP. SEP ID NP: 26. SEP ID NP. SEP ID NP: 28. SEP ID NP. SEP ID 
NP:30. SEP ID NO. SEO IP NO: 32. SEP IP NO. SEO IP NO: 34. SEP IP 
NOr SEP IP NP: 36. SEP IP NP. SEP IP NP: 38. SEP IP NP. SEP IP NP: 40. 
SEP IP NP. SEP ID NP: 42. SEP ID NP. SEP ID NP. 44. SEP ID NP. SEP ID 
NP:46 and SEP ID NP. SEP ID NP: 48. 
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A method according to claims 30 or 3 1 wherein the level of gene transcription 
is analysed using microarray technology. 

A method according to claim 32 wherein the level of gene transcription is 
analysed using an array of oligonucleotide probes that bind to the 
polynucleotides encoding the group of polypeptides having the amino acid 
sequences SEP ID NO. SEO ID NO: 2. SEQ4D -SEP ID NO: 4. SEP ID NP. SEP 
ID NP: 6. SEP ID NP. SEP ID NO: 8. SEP ID NP. SEP ID NP: 10. SEQ ID 
NO rSEPIDNP: 12. SEP ID NP. SEP ID NP: 14. SEP ID NP. SEP ID NP: 16. 
SEP ID NP. SEP ID NP: 18. SEP ID NP. SEP ID NP: 20. SEP ID NP. SEP ID 
NP:22. SEP ID NP. SEP ID NP: 24. SEP ID NP. SEP ID NP: 26. SEQ ID 
NO rSEP ID NP: 28. SEP ID NP. SEP ID NP: 30. SEP ID NP. SEP ID NP: 32. 
SEP ID NP. SEP ID NP: 34. SEP ID NP. SEP ID NP: 36. SEP ID NP. SEPJD 
NP:38. SEP ID NP. SEP ID NP:4 0. SEP ID NP. SEP ID NP: 42. SEp ID 
NQ tSEP ID NP: 44. SEP ID NP. SEP ID NP: 46 and SEP ID NP. SEP ID 
NP:48. 



A method according to claim 32 wherein the level of gene transcription is 
analysed using an array of oligonucleotide probes that bind to that bind to the 
polynucleotides having the nucleic acid sequences SEP ID NP: SEP ID NP: 1. 
SEP ID NP SEP ID NP: 3. SEP ID NP. SEP ID NP: 5. SEP ID NP. SEP ID 
NP. 7. SEP ID NP. SEP ID NP: 9. SEP ID NP. SEP ID NP. ll. SEp ID 
NQT SEP IDNP: 13. SEP ID NP. SEP 1DNP: 15. SEP ID NP. SEP 1DNP: 17. 
SEP ID NP. SEP ID NP: 19. SEP ID NP. SEP ID NP: 21. SEP ID NP. SEP ID 
NP:23. SEP ID NP. SEP ID NP: 25. SEP ID NP. SEP IDNP: 27. SEp ID NP. 
SEP ID NP: 29. SEP ID NP. SEP ID NP: 31. SEP ID NP. SEP ID NP: 33. S6Q 
ffi-NPr SEP ID NP: 35. SEP ID NP. SEP ID NP: 37. SEP ID NP. SEP ID 
NP:39. SEP ID NP. SEP ID NP: 41. SEP ID NP. SEP ID NP: 43. SEp ID 
NP rSEP ID NP: 45. SEP ID NP. SEP ID NP:4 7 and SEQ ID NP:49. 
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ABSTRACT 



GENES WHOSE EXPRESSION IS INCREASED IN RESPONSE TO 
STIMULATION BY CORTICOTROPIN-RELEASING HORMONE 



The present invention relates generally to therapy and diagnosis of 
depression. In particular this invention relates to the polypeptides as well as to 
the polynucleotides encoding these polypeptides, wherein said polypeptides are 
shown to play a central role in mediating the endocrine response to corticotropin 
releasing hormone. These polypeptides and polynucleotides are useful in the 
diagnosis, treatment and/or prevention of depression. 
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